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ABSTRACT
Public-Private Partnership Contract Framework Development and Project Performance
Analysis compared to Design-Build in US Highway Projects
By Medya Fathi
Construction projects can be delivered through various approaches; nevertheless, all
practitioners and involved parties have a mutual goal, which is completing the project within the
original scope, defined budget, and schedule. Reviewing the literature on public-private
partnership (PPP), many efforts have been made covering different research areas, including
policies, risks, roles and responsibilities, and finance. However, a study involving the
development of a framework for PPP contracts, and quantitative assessment of project
performance associated with PPP highway projects in the US is lacking. Therefore, this research
fills such a noticeable gap in the body of knowledge on the PPP delivery method. It establishes a
framework for PPP highway contracts, and also evaluates the cost and schedule performance of
the PPP delivery method, focusing on highway projects. Moreover, it provides a comparison
between PPP and Design-Build (DB) as one of the most widely used alternative project delivery
methods for vertical and horizontal construction projects in the US. To meet this objective, first,
a Delphi study was conducted with professionals involved in PPP highway projects, to identify
the factors affecting PPP highway contracts, their development, and implementation. Then, the
performance data of completed PPP and DB highway projects was compared to find the
performance difference between these two project delivery methods. The primary contribution of
this research is to guide professionals in the transportation industry toward the
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successful completion of PPP highway projects and help the involved entities and parties to
select the right delivery method for future projects to gain more cost and schedule benefits.
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CHAPTER 1: INTRODUCTION
1.1

Background
All industries pursue the goal of gaining profits, and the construction industry is no

exception. The mutual goal among construction practitioners and project parties is project
completion within the pre-defined scope, budget, and schedule. Many factors contribute to
maximizing project performance including project characteristics, project delivery method
(PDM), procurement method, contract type, finance, and so forth. There are various approaches
to deliver projects; however, in the last two decades there has been a growing tendency for
owners to deliver projects through Public-Private Partnership (PPP) and Design-Build (DB) in
the US. This highlights the need for proper contract formation and management of PPP projects
to maximize benefits as far as possible.
In recent years, researchers have conducted several studies on a wide range of topics
regarding PPP projects, such as risk analysis and management, critical success factors, and
selecting appropriate concessionaires, as well as the roles and responsibilities of the government
and private sector. However, there has been no comprehensive study to identify the necessary
factors for consideration in using a PPP contract. Additionally, none of the studies have
methodologically developed a contract procurement or contract administration process to hire a
developer in PPP highway projects. It is also noteworthy to mention that the critical phase of the
PPP project is the implementation phase, in which a developer and owner need to work together
for the success of the project. Therefore, a framework detailing these issues needs to be
developed, so that the owners can use it in order to make their future PPP highway projects
successful.
1

Another essential missing item is a methodological comparison of the performance of
PPP highway projects with DB highway projects, to determine whether the PPP delivery method
provides more cost and schedule benefit than the DB delivery method, as one of the most
common alternative project delivery methods in highway projects. Moreover, several researchers
have compared project performance between DB and traditional design-bid-build (DBB)
projects, with different types such as residential buildings, commercial buildings, water and
wastewater treatment plants, and highways. That said expanding the knowledge of PPP highways
is a matter of significance. Thus, the PPP

highway project

performance in the US is subjected to scrutiny in this study. Moreover, PPP and DB performance
is compared concerning the same project type.
The organization of this research is as follows. First, a thorough literature review related
to Delphi study, PPP, and DB delivery methods, is presented. Then, a Delphi study is conducted
with state DOTs and other professionals who have experience on PPP highway projects in the
US in order to develop the PPP contract framework. After that, data of PPP and DB highway
project performance is collected. Then comparable DB and PPP projects are selected to
statistically compare the cost and schedule data of these two types of projects. The obtained
results and findings are discussed to eventually draw a conclusion and provide recommendations,
which, without a shadow of a doubt, will help the construction industry in selecting an
appropriate delivery method for future highway projects.

1.2

Project Delivery Methods
Procurement methods have a long history. In ancient times, the Code of Hammurabi

defined responsibility for a designer and a constructor as a master builder (Songer and Molenaar
2

1996, Tymvios et al. 2002, Fathi and Shrestha 2018). Later, with an increase in project
complexity, master builders became accountable for two areas, including architecture and
construction. Then, eventually in the 1800s, the first procurement method, known as DBB
emerged (Tymvios et al. 2002, Fathi and Shrestha 2018). This traditional approach considers
design and construction phases separately, and a complete detailed design is required to start
construction (Shrestha et al. 2012, Ibbs et al. 2003).
Gradually, due to changes in the economy, organizations reconsidered DBB and its
strategy, which led to the development of alternative project delivery (APD) methods in the
1970s (Songer and Molenaar 1996, Tymvios et al. 2002, Fathi and Shrestha 2018). Since then,
effective APD methods have been explored, aiming to improve project performance, cut cost,
reduce duration, and enhance quality (Ibbs et al. 2003, Rosner et al. 2009, Fathi and Shrestha
2018).
One of the developed methods is Construction Manager at Risk (CMAR), which still has
two contracts; however, the construction manager is the responsible party to deliver the project
within the Guaranteed Maximum Price (GMP). The other well-known APD method is DB, in
which owners go through the bid process only once, with an entity within a single contract for
both the design and construction phases of a project (Shrestha et al. 2007, Bogus et al. 2010).
The design-builder company is selected based on the best-value proposal.
DB has been employed widely among APD methods for buildings and infrastructure
projects in the US (Fathi and Shrestha 2018). The application rate of DB has grown significantly
in recent years for infrastructure projects such as large, complex highway projects (Contract
Administration 2002). Additionally, there are variations of the DB method. Procurement law
3

changes, funding limitations, more complex projects, and unique design considerations, along
with concerns for project cost overruns, and delays, are among the contributing factors to move
toward variations of DB, namely, progressive DB and lump sum DB. The progressive DB
project delivery method allows owners to hire a design-builder without a price commitment until
defining thoughtful design details. In lump sum DB, a fixed price (either lump sum or unit price)
is agreed upon between parties before the contract award.

1.3

Public-Private Partnership (PPP)
The $1 to 1.5 trillion annual funding gaps between 2013 and 2030 (Airoldi et al. 2013) is
the current status of global infrastructure. Obviously,

the

for infrastructure services is far beyond the available funds. Considering the

US, the shortage of financial resources and growing number of old infrastructures, which is
tructure industry,
particularly in highways, roads, and bridges. It is worth mentioning that the reported annual
budget deficit and backlog in the US infrastructure were $53B and $740B, respectively
(AASHTO 2015), showing a staggering funding gap. Infrastructure Report Card by the
American Society of Civil Engineers (ASCE) stated that merely repairing old US infrastructure
requires $2 trillion by 2027 (ASCE Report Card 2017).
Hence, the governing agencies faced a challenge of alternative and efficacious forms to
deliver public infrastructure projects and ease the traditionally great burden for the government,
which eventually led them to embrace the PPP approach (Ke et al. 2010, Zhang et al. 2016, Li et
al. 2017).

4

1.3.1 Definitions
In general, several scholars and organizations have defined PPP; nonetheless, there is still
not a clear worldwide definition. Two decades ago, PPP was referred to an arrangement between
at least two entities working together to attain shared or compatible objectives, through sharing
authority and responsibility, risk-taking,

and mutual benefits

(HMTreasury, Partnerships for Prosperity 1998, European Commission 2003).
According to the World Bank, the advantage of value-for-money to the taxpayers is a
motive for PPP, in which the involved parties either take joint responsibility for a particular
element or are responsible for separate elements in their cooperative work (World Bank 2003).
Attempts to develop a thorough PPP definition have been continued in recent years by scholars.
Garvin (2010

-term contract between the public and private sectors

where mutual benefits are sought and where ultimately the private sector provides operating
(p, 405).
Considering all presented definitions (Canadian Council for Public-Private Partnerships
2004, Kwak et al. 2009), PPP may be defined as an arrangement between two or more parties
from the public and private sectors to meet mutual objectives, through sharing the four Rs;
Resources, Risks, Responsibilities, and Rewards.

1.3.2

Types
In general, PPPs may be categorized according to the roles and responsibilities of the

contributing sectors, finance sources, and property owners (Kwak et al. 2009). Based upon
responsibilities, the determining factor in the type of PPP is the degree of private involvement
5

(World Bank 2007). No involvement of the private entities means the public sector has all
responsibilities associated with each aspect of delivering public services. Any increase in private
involvement leads to sharing more portions of those responsibilities with the public sector, to the
extent that, eventually, the private sector is responsible for delivering the project thoroughly.
Similar to PPP

definition, a strong consensus has not been reached in the area of PPP

types of agreements. That said, in general, there are various types of PPP infrastructure as
follows:
a) Design-Build (DB)
As the most basic type, the private sector is responsible only for the design and
construction of a project.
b) Design-Build-Operate (DBO)
The private sector is responsible for the design, construction, and operation of a project
for a particular period before it is occupied or used by the public sector.
c) Design-Build-Maintenance (DBM)
The private sector is responsible for the design, construction, and maintenance of a
project.
d) Design-Build-Finance (DBF)
The private sector is responsible for the design, construction, and finance of a project.
e) Design-Build-Finance-Operate (DBFM)
6

The private sector is responsible for the design, construction, finance, and maintenance of
a project.
f) Design-Build-Finance-Operate (DBOM)
The private sector is responsible for the design, construction, operation, and maintenance
of a project.
g) Design-Build-Finance-Operate (DBFO)
The private sector is responsible for the design, construction, finance, and operation of a
project.
h) Design-Build-Finance-Operate-Maintenance (DBFOM)
The private sector is responsible for the design, construction, finance, operation, and
maintenance of a project, and owns it for a particular period before transferring the ownership to
the public sector.
i) Long-Term Concession or Lease
The private sector (concessionaire) has the right to operate and maintain existing facilities
for an agreed period (concession duration). It collects th
responsible for financing.
j) Build-Operate-Transfer (BOT) and its variations
(1) Build-Operate-Transfer (BOT)
The private sector is responsible for the design, construction, finance (not necessarily),
7

and operation of a project for a concession period, and after that, the project ownership and
operation is returned to the public sector.
(2) Build-Transfer-Operate (BTO)
The private sector is responsible for the design, construction, finance (not necessarily),
and operation of a project for a concession period. The asset transfer occurs after construction,
before the private sector operates the facility.
(3) Build-Own-Operate (BOO)
The private sector is responsible for the design, construction, operation, and maintenance
of a project in perpetuity. The public sector does not own the property, but instead purchases the
services produced for a particular period. At the end of the contract term, the public sector may
or may not purchase

the project.

(4) Build-Own-Operate-Transfer (BOOT)
The private sector is responsible for the design, construction, finance (not necessarily),
and operation of a project, and owns it for a concession period, and after that, the asset transfer
occurs.
Common PPP types for highways having design and build phases, are Design-BuildOperate (DBO), Design-Build-Finance (DBF), Design-Build-Finance-Maintenance (DBFM),
Design-Build-Finance-Operate

(DBFO),

and

Design-Build-Finance-Operate-Maintenance

(DBFOM). Examples and case studies of these types, indicating the project type, project goal,
total cost, financing, and funding, as well as any specific characteristics or public benefit are

8

provided in Appendix A.
Among all, there are three main types of highway projects in the US (FHWA 2017): DB,
DBF, and DBFOM. However, considering the current study, and finding four DBFM highway
projects (two complete by the time of the present analysis), DBFM should be included in that list
as well. Moreover, there is no consensus on DB; some view it as a different project delivery
method, while some consider it as the basis of PPP projects. In DBF, the required up-front
capital is provided by the private sector, and a state or local government repays with tolls, or
taxes and fees, through installments. The

a project sponsor can

postpone financing during construction (FHWA 2016). If the maintenance is also carried out by
the private partner for particular period, a DBFM is formed, and adding operations to the
agreement shifts the PPP type to DBFOM, in which its long-term concession, from 20 to 99
years provide the private partner

to spend more up-front on construction if

there is a payback in reduced maintenance costs over life

1.4

, p21).

Research Objectives
What are the key factors for consideration when applying the PPP delivery method to the

US highway industry? How have PPP projects performed in the US highway market thus far?
Should the PPP or DB method be utilized for delivery in the US highway industry? Which one is
more effective or advantageous? This study aims to answer these research questions. Therefore,
the objectives of this research are:
I.

To develop a PPP highway contract framework by outlining the key factors to be
considered in different contract phases.

1

https://www.fhwa.dot.gov/ipd/pdfs/fact_sheets/techtools_P3_options.pdf
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II.

To investigate the cost and schedule performance of PPP highway projects and
compare them with those of DB highway projects.

In order to achieve the first objective, a Delphi study was employed, which is the
systematic method of interviewing experts, and conducting questionnaire surveys to reach a
consensus eventually. The second objective was accomplished by collecting data of PPP and DB
highway projects, quantifying their cost and schedule performances, and conducting statistical
analyses and tests for empirical performance comparison.

10

CHAPTER 2: LITERATURE REVIEW
The review of the literature comprises four main sections. The first section presents the

definitions, and types as well as related studies. The third section is focused on DB and
prominent studies and findings. The last section pinpoints gaps in the literature.

2.1 Delphi Study
Delphi study is a systematic qualitative approach that is capable of producing purely or
and feedback utilizing rounds
of interviews or surveys (Linstone and Turloff 1975, Hinks and McNay 1999, Henchion and
Mclntyre 2005, Sourani and Sohail 2015). Therefore, professionals and their knowledge play a
key role in conducting the Delphi study effectively (Xia and Chan 2012, Perera et al. 2014).

In general, Delphi study
can be applied for any purpose when there is a need for having committees. According to the
literature, problems that include data unavailability, complexity, uncertainty, various viewpoints,
and insufficient established quantitative documents (Linstone and Turoff 1975, Orndoff 2005,
Yeung et al. 2009, Lucko and Rojas 2010), may take advantage of Delphi study. The application
is not limited to any specific area and covers a wide range of fields, from engineering and
management to justice, tourism, and health care. Regarding construction management, the
Delphi study has been used in contractor selection, procurement method selection, risk
management, and safety (Chan et al. 2001, Hallowell and Gambatese 2010).

11

Initially, Delphi was performed for four rounds (Young and Hogben, 1978); however, its
refinement includes two to three rounds in most of the researches (Hallowell and Gambatese
2009, Ameyaw et al. 2016). In general, its iterative process, on the one hand, leads to reach an
acceptable consensus among panel members. On the other hand, consequent rounds make the
processing time consuming and may affect the participants willingness of experts adversely.
Overall, it is of great importance to conduct Delphi study at an optimum number of rounds.
Typically, the first two rounds experience the most changes in the responses (Gunhan and Arditi
2005); however, due to circumstances and objectives, it may vary case by case.
In addition, acceptable results, and consensus can be achieved with a small number of
participants when they form a homogeneous group (Adler and Ziglio 1996). The majority of
studies using Delphi involve 15 to 20 individuals (Ludwig 1997) and in general, less than twenty
experts are recommended (Vidal et al. 2010). However, some scholars suggest a limit for the
minimum size, at least 7 or 8 (Sourani and Sohail 2014), and some provide recommendations
regarding a range with a lower limit as 8 and upper limit as 12 (Hallowell and Gambatese 2010).
The process starts with less structured methods such as phone interviews with openended questions in the first round and is being followed by more structured methods, a
questionnaire with closed-end questions (Sourani and Sohail 2015). In the second round,
participants are required to rate the previous responses to determine the importance level of the
issues to reach convergent responses. Testing the extent of agreement among responses
determines the necessary need for further rounds. In the case of non-convergent responses,
experts would have more chance(s) to modify their feedback. As a result, the Delphi study acts
as a self-validator (Yeung et al. 2009).

12

Remaining anonymous, the panel members need to meet minimum requirements to be
qualified for participation. For the current study, the following criteria are necessary:
1. At least 10 years of experience in construction projects and 5 years in highway projects,
2. Knowledge about PPP delivery method
3. Involvement in PPP highway projects from the outset
4. Having role as an engineering manager or project manager in the selected PPP projects
2.1.1

Delphi Study Applications
Being a suitable tool to prioritize issues has led

through Delphi rather than the questionnaire survey used traditionally (Okoli and Pawlowski
2004, Hallowell and Gambatese 2009). As a qualitative approach,

-based

(Sourani and Sohail 2015), but it also has the potential to act as a
quantitative approach in the subsequent round(s) to bring consensus (MacCarthy and
Atthirawong 2003). Many various fields of study have taken advantage of Delphi such as energy
efficiency (Pätäri et al. 2016), effective management of diseases (Harinarain and Haupt 2014),
public health insurance (Zhao et al. 2015), software development (Nakatsu and Iacovou 2009),
quality assurance (Heiko 2012), and so forth.

2.1.1.1 Delphi Study Applications in Construction Industry
Methods such as questionnaire surveys, interviews and, case studies are common
approaches in construction management, which is suitable for applying Delphi such as risk
management (Mahendra et al. 2013, Yildiz et al. 2014, Rodrigues-da-Silva and Crispim 2014,
Zahedi-Seresht et al. 2014, Kamalirad et
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al. 2017, Dao et al. 2016), safety (Raheem and Issa 2016, Chan et al. 2016), sustainable
construction (Shi et al. 2014, Shi et al. 2015, Li et al. 2018), project control and performance
(Yeung et al. 2013, Cheng 2014, Ganisen et al. 2015), selection of procurement system (Chan et
al. 2001), delivery methods and contract (Hyun et al. 2008, Moon et al. 2011, Xia et al. 2011,
Xia et al. 2013), selection of contractor or supplier (Luzon and El-Sayegh 2016, Gad et al.,
2016), and so forth (Chan et al. 2001, Yeung et al. 2009, Hallowell and Gambatese 2010).
However, the literature emphasized on its widespread use in other fields rather than construction
management, which is mainly due to limited awareness of its characteristics and process
(Sourani and Sohail 2015).
Not providing a unique solution for the selection of railway management models by EU
-Wise Weight
Assessment Ratio Analysis (SWARA) and Multi-Attributive Border Approximation Area
Comparison approach (MABAC).

of the
a more stable

market. The methodology consists of three stages. First, the criteria and related aspects of the
ranking were determined through
which in the end, fourteen of them met the consensus. Second, SWARA was applied with the
output of Delphi to obtain the relative weight values of those criteria. And in the last stage,
MABAC and its assessment determined the most suitable ones, which eventually a sensitivity
analysis was conducted to examine t
Applying Delphi study in the contracts of DB projects was the focus of some researches
thus far. Among initial efforts is the research carried out by Migliaccio (2007). This study
focused on the fact that organizations may need to change their method of delivering projects as
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a result of changes in the construction industry. Such a change includes challenges and numerous
modifications in the organizational routines. The author developed an implementation
framework with definitions and guidelines for public transportation sectors, which were inclined
to adopt DB as a new project delivery method. This study aimed to help public owners
comprehend and face the related challenges and provide a guideline on translating their goal into
practice. To develop that framework, besides reviewing the literature, the contract documents of
the SH-130 tolled expressway project and four other transportation projects in the United States
were studied. The proposed framework was then validated by a Delphi study, which began with
conducting interviews with an expert panel to evaluate and validate the overall framework. Then,
90 professionals who had implemented the DB method for highway projects were invited to
participate in a two-round Delphi study to evaluate the provided definitions and components by
using a 7-point Likert scale. Out of 90 potential experts, 35 accepted, while 26 members attended
the first round. Subsequently, after testing the agreement level, the same 26 respondents were
invited for the second-round questionnaire and finally, 21 professionals submitted their revised
answers. After ranking, respondents reached a strong agreement on three definitions, including,

arrived at a moderate consensus on other three definitions, namely
alternative technical concept process and

.

Since change orders (CO) had been studied thoroughly regarding new construction
contracts, Shrestha (2016
However, the plan for data collection of the US maintenance contracts failed, which led to the
application of the Delphi study to identify causes of CO and the associated effects on cost and
schedule performance of road maintenance contracts. Some causes were collected from the
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literature review. In addition, road maintenance engineers at DOTs were invited for the firstround interview to share their knowledge and experience. Two rounds of Delphi with 33-panel
members identified causes and listed preventive measures to minimize the contributing CO in
road maintenance contracts with an excellent agreement between ratings. Among seven
identified reasons, the three important ones included changes in work scope,

errors in the

estimate, and failure to verify worksite conditions before signing a contract. Out of nine
suggested preventive measures, the top three ones

eviewing specifications,

preparing

accurate estimates, and reviewing the design drawing before bid solicitation (Shrestha and
Shrestha 2019).
The growth in old road networks led state DOTs to face high demand for maintenance
and resolve the problem. Among the existing solutions, Performance-Based Contracting (PBC)
was a newer approach, in which Shrestha (2016
major issues. Considering two significant road maintenance works, a framework was developed
to perform PBC for striping and chip seal contracts. In total, 62 potential experts from DOTs,
transportation agencies such as World Bank, as well as academicians were invited for the first
round, which included open-ended-question-phone interviews. Forty-two individuals who
accepted participation provided a wide range of responses regarding contract document
preparation, procurement, and implementation. After grouping all responses and listing
distinguished ones for every single question, an online survey consisting of rating type questions
as the second round was designed. 40-panel members were asked to rate on a 5-point Likert scale
for 31 questions. Due to the lack of consensus, the third round Qualtrics survey was required. As
a result, the framework consisted of contract preparation with four categories, contract
procurement with three and contract implementation with six categories. For instance,
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considering the preparation phase, based on frequency top five reasons for selection and also top
five related performance measures were revealed. In the procurement phase, the contractor
selection criteria were identified and in the implementation phase, responsibility and frequency
of Quality Assurance (QA) were determined. The proposed contract framework highlighted the
subjects of great importance to pave the way for transportation agencies to effectively implement
chip seal and striping using performance-based specifications (Shrestha and Shrestha 2020).
the construction industry
and management is related to risk, safety, and project success. In a research study by Perera et al.
(2014), Delphi was used to identify the major risks during the

e and also

determine which risks is handled by each involved party. Overall, 33 experts, including project
managers, clients, consultants, and
construction participated in the study to prepare the initial list of risks through individual phases
of the life cycle, namely, conceptual, design, construction, and operation. In the first round, they
were asked to identify major risks based on the fact that how important its impact is and how
often it takes place. Considering 5 percent absolute deviation from the median to reach an
agreement, in the second round, 29 experts, and in the third round, 26 experts responded to major
risk identification and allocation. Construction and design were identified to be the first and
second critical phases having the majority of severe risks. It found delays in the client decisionmaking process as a severe risk at the first two phases, while the most critical risk at the
construction phase was delays in payment by the client .
Another effort was made for risk factors resulting in project delays and additional costs
during the life cycle in Malaysia (Rahman et al. 2018). Through two rounds of Delphi, the
consensus was reached about the degree of occurrence and severity of factors. Similar to the
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previous study, the findings highlighted the construction phase as the main contributor. Overall,
12 and 9 high-risk factors were identified on time and cost overruns, respectively. The only
factor making the project behind schedule as well as over budget was poor site management and
supervision. Some of the factors playing a role in time overrun were errors in design and lack of
coordination and communication between parties. While cost overrun was caused by mistakes
during construction, inaccurate time and cost estimates, and time overrun.
With the focus on the growth of ethnic minority (EM) construction industry workers and
their health and safety issues, Chan et al. (2016) performed a two-round Delphi to identify and
s face in Hong Kong. The authors believed that the
research was nove

-

which was focused on their other research in the same year (Chan at al. 2017). In this study,
Delphi did not start with an interview and qualitative questions but instead, respondents were
asked to rate the extent of severity in the first round through a 5-point Likert scale. The eighteen
members with work experience ranged from less than five years to approximately 20 years were
then asked to reevaluate their ratings in the
different nationalities such as India, Nepal, and the Philippines. Finally, categories and
, their assistants,
service managers, etc. tha
materials as the most serious ones.
Numerous scholars have studied the relationship between decisions made in the design
the construction phase. The US design professionals do not
support early identification and subsequent mitigation of hazards (injuries, fatalities, or damages)
despi

which motivated Tymvios and Gambatese (2016) to
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underline the concept and practice of Prevention through Design (PtD). To do so, Delphi was
applied with three objectives, first to identify the party with the highest impact on PtD practice;
second, to determine the approach needed to generate that interest; and last, to generate such an
interest with that method by the targeted party. The respondents were experts from five
categories, namely, architects, engineers, owners, contractors, and safety professionals. Out of 35
identified candidates, the number of participants through three rounds varied and reduced to 17,
13, and 14 in the successive rounds. However, it is not clear that how more members attended in
the last round to make changes in their ratings, since only the

respondents are

required to participate in the next round. The findings
achieving that interest.
Regarding project success factors and the contributing factors to quality as well as cost
and time overruns, Delphi was performed with eight experts (Hatush and Skitmore 1997). Out of
20 most common selection criteria, the most and least significant ones were determined, in which

became the criteria with the highest importance. The relation between project complexity and
Focusing on megaprojects, He et al. (2015)
developed a model to measure complexity with the use of fuzzy analytic network process
(FANP) and the Shanghai Expo construction as a case study. In the first step, through a literature
review, different categories, including information, technological, organizational, cultural, and
environmental complexities, formed the model covering 28 factors in total. Then in the first
round of Delphi, 20 professionals were asked to express their viewpoints on the relative
complexity of the factors based on their background in construction and consultant firms,
government departments, and academia and working as estate developers. The consensus was
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obtained in the second round to have a refined complexity framework. Twelve significant
measures were chosen for FANP with the minimum normalized values of 0.30.
Increased number of complex infrastructure projects and their poor cost and time
performance in China, Luo et al. (2017) investigated such a correlation and identified the
complexity factors that affect a project success to a great extent. In total, 245 factors were
derived fro
other
several factors such as owner demands, changes, and tight deadlines. Finally, 9 experts reached
consensus in the second round within a five-point Likert scale and determined 41 potential
factors. Project complexity was measured due to tasks, technological, and environmental
complexities, and the Structural Equation Modeling (SEM) tool was used to examine the
hypothesis stating the negative relationship between project complexity and success.
Measuring the degree of building project complexity was the goal of a study by Xia and
Chan (2012) with the application of Delphi to identify key-related parameters. In the first round,
experts listed complexity measures with a minimum of 5 while providing references and findings
from the literature. In this study, surprisingly, all 20 participants responded from which those
measures suggested by over half of them were used to prepare a list for the second round. Seven
measures remained, such as project size, schedule acceleration, geological conditions, and
repetition of similar types of projects. In the second round, the number of involved experts
reduced to 17 to rate them. In the third, all previous respondents participated in making any
change or adjustment to their ratings if needed. While it was indicated that no modification was
x measures were presented at the end, which makes the
reader confused. After that, a complexity index (CI) was developed concerning the final
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measures and their relative significance. Also, Delphi has been used to establish complexity
management strategies and practices (Kermanshahi et al. 2016). The study identified and ranked
thirty indicators with the help of ten experts in two rounds.
Meeting the defined expectations of a project due to cost, time, and quality while keeping
the project sustainable

the construction industry. Olawumi and

Chan (2018) presented a study to identify and prioritize the main drivers that enhance the
implementation of sustainable practices and Building Information Modelling (BIM). To achieve
this goal, 14 academicians and active members in the industry from different countries such as
the US, UK, Australia, Germany, and South Korea were invited to participate in the Delphi
study. Thirty critical success factors (CSFs) were derived from the literature and used for the first
round. In two rounds, the results showed acceptable reliability due to the alpha above 0.7 and
consensus-

using statistical

analyses such as mean score ranking technique and standard deviation. Fifteen factors got a
mean score higher than 4 in the 5-point Likert scale were considered as the important ones,
which among all early involvement of teams ranked first and more training programs on BIM
and sustainable practices ranked second. The least mean scores were assigned to adequate
construction cost allocated to BIM

and

availability of financial resources for BIM

requirements.
Project control is also one of the fields where researchers apply Delphi. Gharaibeh (2014)
addressed the issue of controlling project cost and contributing factors to cost overrun in power
transmission projects. Through Delphi, the top ten problems, required solutions, and lessons
learned were identified through three rounds of surveys. In a study by Olawale and Sun 2015, to
improve project cost and time control in the UK, first, a questionnaire survey was carried out
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with two-hundred-fifty companies to find the current practice and then interviews were
conducted with fifteen experts to express their opinions on the open-ended questions which
resulted in sixty-five practices associated with the planning, monitoring, reporting and analyzing.
Out of those fifteen experts, eight individuals determined the relative importance of the practices
on a four-point Likert scale. The requirement to reach consensus was getting agreement from
more than fifty percent of the respondents. It is indicated that while in the first round of rating,
not all the practices met the minimum of 50% agreement both rating rounds had the same
number of critical, important, and helpful. The authors claimed that a mixed methodology was
adopted in this study with qualitative and quantitative dimensions. However, they separated
questionnaires, interviews
as participation in the open-ended questions of the interview. It should be mentioned that Delphi
itself includes an interview in the first round, which is the qualitative tool and the next rounds are
as part of the quantitative tool. Moreover, the initial questionnaire survey can be carried out with
a literature review to facilitate the interview step as a reference. Thus, there are not three separate
methods when the questionnaire is applied to prepare the interview as the first step of the Delphi
study, and consequently, there are three rounds instead of two.
Delphi study has also been utilized in selecting an appropriate material supplier as one of
the factors affecting project success. Luzon and El-Sayegh (2016) employed the Analytic
Hierarchy Process (AHP) and Delphi methods for the identification of crucial supplier selection
criteria of oil and gas projects located in the United Arab Emirates as well as assessment and
determination of their importance weights and order. Selecting the top ten criteria, the study
found price and quality as of the highest importance. The same participants got involved in the
second round and provided consistent results; therefore, no more round was required.
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When it comes to selection models, lack of consensus among professionals is the main
challenge. Chan et al. (2001) took advantage of the
preferences for procurement systems. While generating a list of selection criteria, performing
four rounds of Delphi resulted in a significant extent of agreement on the utility factors
weighting for procurement systems, which helped the development of a procurement selection
model. In the first round, ten experts identified 23 criteria. These numbers of criteria reduced to
16, 14, and 11 in the subsequent rounds, and six experts were left in the last round. Checking the
final list of criteria shows that those with the highest frequency by experts in the first round
ranked top, such as price competition, and those with the least frequency at the beginning are not
included at the end, such as distrust of the new system.
Selecting DB operational variations was the research topic of Xia et al. (2011). To avoid
subjectivity and uncertainty in such a multi-criteria decision-making process, a Delphi study was
utilized so that enabling owners to have an objective assessment. A fuzzy multi-criteria decisiondue
to the selection criteria identified by Delphi with their relative importance. Initially, 20 experts
attended the Delphi study providing a list of minimum five selection criteria for operational
variations. Then, they rated the selection criteria based upon the level of importance in the next
two rounds. In the end, the top seven criteria were determined and used for the FMCDM model
in choosing the most appropriate DB operational variation.

2.2 Selected PPP Studies
The majority of PPP studies are in the fields of risk, performance indicators, success
factors, roles, finance, legislation, and project performance (Fathi and Shrestha 2019a).
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Risk identification and allocation
Under the agreement between public and private sectors, risk allocation is a crucial
consideration. It needs to be clarified which party is responsible for and must cover the costs of
an incident or change (which eventually affects the
which party receives rewards. Poor risk management and strategies may result in disputes and
litigation (Hodge and Greve 2007). Hence, first, it is essential to perceive, identify, and analyze
those risk areas, determine their importance, and provide strategies and useful measures for risk
management.
Some researchers identified and evaluated the risks in PPP types (Lam and Chow 1999,
Zhang and Li 2007). Studying BOT as privately promoted infrastructure projects, Lam and
Chow (1999) identified the financial risks through a survey on pre-investment, implementation,
construction, and
significant in both pre-investment and construction phases, while it was slightly significant in
implementation and operations. Taking implementation and operation phase into account, results
identified cost overrun as the highly significant and time overrun as the most significant risk,
while it was also ranked as the only extremely significant risk among all phases.
Focusing on the same PPP type, Zayed and Chang (2002) asserted that a higher level of
risks is associated with privately promoted infrastructure project due to multiparty involvement,
high costs of front-end development, and long-term negotiations and commitment (Zayed and
Chang 2002). A prototype model was developed with a risk index (F) to assess the risks and rank
the projects to choose the one with the lowest risk. A questionnaire survey was conducted among
seven different projects, such as power plant, tunnel, and highway which their performance was
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evaluated in eight risk areas including political, financial, promoting, procurement, revenue and
market, developmental, construction, and operating.
Some researchers by questionnaire studied the effective measures in risk management
(Yeo and Tiong 2000, Bing et al. 2005, Shen et al. 2006). Some have also conducted surveys to
investigate the

risk strategies and risk allocation preferences (Tang et

al. 2010).
Key Performance Indicators

outcomes. Several studies focused on identifying key performance indicators (KPIs) to assess the
(Li et al. 2005, Yuan et al. 2012, Douglas et al.
2018, Lawther and Martin 2014, Liu et al. 2016).
challenges of developing KPIs came to light after an international

studies, KIPs should be realistic, credible, accurate, controllable (Garvin et al. 2011), should
pave the way for innovation and life-cycle savings (Garvin et al. 2011, Lawther and Martin
2014), be relevant and specific that can be achieved and measured (Sadasivam et al. 2016), avoid
subjectivity and obscurity (Robinson and Scott 2009), and last but not least, be flexible
(Robinson and Scott 2009, Garvin et al. 2011, Sadasivam et al. 2016). The most recent study on
PPP KPI contract language, while emphasizing on previous features, presented dynamic
quantifiable and consequently enforceable indicators through the contractual writing guidelines
containing eleven measures (Douglas et al. 2018).

25

Project Success Factors
It is widely accepted that project success and also the efficient allocation and use of
limited resources rely heavily on critical success factors (CSFs) (Kwak et al. 2009). Several
researchers have developed a list of required success factors for PPP projects. Investigating
previous studies showed that a vast number of studies have been conducted in the UK, and also
undivided attention has been paid to the BOT type of PPP.
One of the initial research efforts made emphasized entrepreneurship factors (Tiong et al.
1992). In another initial study, a CSF framework was identified through a literature review and
examined by interviewing the project participants in a BOOT Stadium as a case study in
Australia (Jefferies et al. 2002).
Reviewing literature revealed that the most common success factor found by the majority
of studies is political support (Fathi and Shrestha 2019b). However, there have been other
prominent factors as follows: appropriate risk allocation and sharing (Qiao et al. 2001, Zhang
2005, Meng et al. 2011), clear shared roles and responsibilities (Chan et al. 2010, Hwang et al.
2013), consortium structure and strength (Tiong 1996, Jamali 2004, Zhang 2005, Hwang et al.
2013), transparent procurement process (Jamali 2004, Abdel Azziz 2007, Hwang et al. 2013),
Technology and innovation (Jefferies 2006, Ng et al. 2012), the financial package (Qiao et al.
2001, Jefferies et al. 2002, Li et al. 2005, Abdel Azziz 2007, Ng et al. 2012). Some researchers

significant success factors (Dixon et al. 2005, Jacobson and Choi 2008, Meng et al. 2011).
Not being covered by most of the scholars, understanding value-for-money objectives
also is a contributing factor in implementing the PPP project successfully (Abdel Azziz 2007). In
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2014, Liu et al. developed a framework of life cycle CFs in PPP infrastructure projects. This
phase-based framework consisted of initiation and planning, procurement, partnership phases
(Liu et al. 2014).
Chou and Pramudawardhani (2015) presented PPP profiles for Indonesia by collecting
established indicators in four other countries, including Taiwan, Singapore, China, and the
United Kingdom. The indicators covered three categories, namely, key drivers, CSFs, and
preferred risk allocation. By combining the indicators of those countries, the data was collected
from mainly four published articles as well as a structured questionnaire distributed in Indonesia.
To verify the collected data and assess statistically, confirmatory factor analysis (CFA) and
Mean value analysis were utilized. The final list contained five key drivers (initially fifteen), and
seventeen CSFs (initially twenty), and sixty-nine risk allocation preferences. Considering risk
allocation, it was found that there is much more tendency (67%) to allocate risk to both private
and public parties, while in Singapore, Taiwan, and China, this tendency is approximately half
and preference of UK respondents to private parties is double. This comparison revealed that
whether there is a similarity betwee

s in each category.

Some studies investigated the critical success factors for relation management (RM) in
PPPs (Zou et al. 2014, Anvuur et al. 2011). With a comprehensive literature review of the
published papers, reports, as well as online public sources, Zou et al. 2014 prepared a template
for collecting data through questionnaire survey and eleven interviews with professionals in
Hong Kong and Greece, Singapore, Australia, and China. Due to findings since PPP is relatively
new, general knowledge of RM is missing among industry practitioners, although they believe
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In a review research paper (Osei-Kyei and Chan, 2015), the findings of twenty-seven
studies between 1990 and 2013 were summarized and all PPP CSFs were gathered. In total, out
of 57 factors, 37 were presented as they were found in at least a couple of studies. Regardless of
the project type and phase, based o

, the top five factors include

appropriate risk allocation and sharing with thirteen times, a strong private consortium with
twelve times, political support with nine times, community/public support, and transparent
procurement with eight times. Besides, Hong Kong, U.K., Australia, Singapore, China was
ranked as the top contributing countries, respectively with regards to the number of research
centers, scholars, and papers. Having two research centers, two researchers, and four papers, the
US ranked six among sixteen countries and scored one. The rest of the countries with one paper
scored one and lower. It was revealed that allocating and sharing risks appropriately was
mentioned in almost half of the studies. While twelve CSFs were addressed in two papers, for
instance,

Also, the primary research methodology for identifying CSFs

was a case study accounting for forty-one percent. Other favored approaches were questionnaire
survey and then a mixed method, which is the combination of interview, questionnaire survey,
and case study.
Taking the view that reasons for success are not completely clear, Li et al. (2005)
determined the relative importance of eighteen potential CSFs for PPPs in the UK. Factor
rement, project implementation,

most significant factors were a strong and good private consortium, appropriate risk allocation,
and
Liu et al. 2014, found CSFs in different project phases, including initiation and planning,
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procurement, and partnership phases. Some studies focused on water supply projects, for
instance, Ameyaw and Chan, 2016 found factors regarding the commitment of partners, the
strength of consortium, and national PPP units.
Liyanage and Villalba-Romero, 2015, qualitatively investigated the overall success of
PPP transport projects of four case studies in four European countries, the UK, Spain, Portugal
and, Greece and determined key performance indicators and measures quantitatively. Later, the
authors analyzed more case studies in the EU (Villalba-Romero and Liyanage, 2016). Al-Saadi
and Abdou, 2016 also listed the five most important CSFs as available and effective regulatory
and legal framework; proper risk allocation and sharing; clear project outcomes; comprehensive
viability of project feasibility study; proper value management in the project life cycle.
Almarri and Abu-Hijleh, 2017 considered UAE as a case study and asked opinions of 30
participants and compared them to the results of the UK. While local financial markets,

macro-economic conditions, and favorable legal framework led to some differences, out
of eighteen CSF, the first nine factors were ranked similarly, such
private parties

appropriate risk allocation

Some articles mainly focused on individual

phases during the project life cycle from preparation and planning to the closing phase (Bayiley
and Teklu 2016, Kavishe et al. 2018). Recently, Kavishe and Chileshe 2019 found CSFs in
affordable housing schemes using a case study approach in Tanzania.

been achieved and success indicators, and CSFs for PPPs are different (Liang and Jia 2018). In a
comparative analysis, Muhammad and Johar 2019 focused on CSFs of PPP housing in Malaysia
and Nigeria. Through case studies, the most significant CSFs in Malaysia were found, such as
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the errant developer

and also in Nigeria, such as stable political system

The

more extensive categories of CSFs and their references are as follows:
-

Appropriate project identification (Qiao et al. 2001, Jefferies 2006)

-

Strong private consortium (Tiong 1996, UNIDO 1996, Birnie 1999, Jefferies et al. 2002,
Jamali 2004, Bing et al. 2005, Li et al. 2005, Zhang 2005, Jefferies 2006, Abdul-Aziz 2010,
Amponsah 2010, Chan et al. 2010, Dulaimi et al. 2010, Zhao et al. 2010, Abdou and Al
Zarooni 2011, Babatunde et al. 2012, Cheung et al. 2012, Ng et al. 2012, Hwang et al. 2013,
Ismail 2013, Liu and Wilkinson 2015, Osei-Kyei and Chan 2015, Kwofie et al. 2016,
Almarri and Boussabaine 2017, Osei-Kyei and Chan 2017)

-

Appropriate risk identification, allocation and risk sharing (Grant 1996, Qiao et al. 2001,
Akintoye et al. 2003, Bing et al. 2005, Li et al. 2005, Thomson et al. 2005, Zhang 2005,
Abdel Azziz 2007, Jacobson and Choi 2008, Jin and Doloi 2008, Kwak et al. 2009, AbdulAziz 2010, Amponsah 2010, Chan et al. 2010, Dulaimi et al. 2010; Abdou and Al Zarooni
2011, Meng et al. 2011, Babatunde et al. 2012, Cheung et al. 2012, Hwang et al. 2013, Ismail
2013, Liu and Wilkinson 2015, Kwofie et al. 2016, Almarri and Boussabaine 2017, OseiKyei and Chan 2017)

-

Competitive procurement process (Kopp 1997, Gentry and Fernandez 1997, Jefferies et al.
2002, Bing et al. 2005, Li et al. 2005, Hemming et al. 2006, Jefferies 2006, Abdul-Aziz
2010; Chan et al. 2010, Meng et al. 2011, Babatunde et al. 2012, Ismail 2013, Kwofie et al.
2016, Osei-Kyei and Chan 2017)

-

Commitment/responsibility of public/private sectors (Stonehouse et al. 1996, Kanter 1999,
NAO 2001b, Bing et al. 2005, Li et al. 2005, Zhang 2005, Sengupta 2006, Abdul-Aziz 2010,
Chan et al. 2010, Dulaimi et al. 2010, Zhao et al. 2010, Ismail 2013, Kwofie et al. 2016,
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Almarri and Boussabaine 2017, Osei-Kyei and Chan 2017)
-

Strong government commitment and support (UNIDO 1996, Gupata and narasimham 1998,
Jefferies et al. 2002, Li et al. 2005, Jacobson and Choi 2008, Dulaimi et al. 2010, Babatunde
et al. 2012, Zhao et al. 2013)

-

Well-organized public agency (Boyfield 1992, Stein9 1995, Jones et al. 1996, Finnerty 1996,
Scharle 2002, Bing et al. 2005; Li et al 2005, Zhang 2005, Hemming 2006, Sengupta 2006,
Chan et al. 2010, Zhao et al. 2010, Zhang et al 2012, Ismail 2013, Aigbavboa et al. 2014,
Kwofie et al. 2016, Almarri and Boussabaine 2017, Osei-Kyei and Chan 2017)

-

Openness and constant communication (Dixon et al. 2005, Jacobson and Choi 2008, AbdulAziz 2010, Meng et al. 2011, Osei-Kyei and Chan 2015, Osei-Kyei and Chan 2017)

-

Thorough and realistic cost/benefit assessment (Qiao et al. 2001, Brodie 1995, Hambros
1999, Bing et al. 2005, Li et al. 2005, Zhang 2005, Sengupta 2006, Abdul-Aziz 2010, Chan
et al. 2010, Zhao et al. 2010, Babatunde et al. 2012, Ismail 2013, Osei-Kyei and Chan 2015,
Kwofie et al. 2016, Almarri and Boussabaine 2017, Osei-Kyei and Chan 2017)

-

Project profitability (Jefferies et al. 2002, Zhang 2005, Sengupta 2006, Abdul-Aziz 2010,
Zhao et al. 2010, Meng et al. 2011, Osei-Kyei and Chan (2015, Kwofie et al. 2016, Almarri
and Boussabaine 2017, Osei-Kyei and Chan 2017)

-

Project technical feasibility (Qiao et al. 2001, Tiong 1996, Zantke and Mangels 1999, Li et
al. 2005)

-

Transparency in the procurement process (Kopp 1997, Gentry and Fernandez 1997, Jefferies
et al. 2002, Jamali 2004, Bing et al. 2005, Li et al. 2005, Abdel Azziz 2007, Abdul-Aziz
2010, Chan et al. 2010, Helmy 2011, Babatunde et al. 2012, Ismail 2013, Hwang et al. 2013,
Wibowo and Alfen 2014, Kwofie et al. 2016, Almarri and Boussabaine 2017, Osei-Kyei and
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Chan 2017)
-

Good governance (Frilet 1997, Badshah 1998, Qiao et al. 2001, Bing et al. 2005, Li et al.
2005, Chan et al. 2010, Hayllar 2010, Helmy 2011, Ismail 2013, Almarri and Boussabaine
2017, Osei-Kyei and Chan 2017)

-

Effective regulatory and legal framework (Boyfield 1992, Stein 1995, Jones et al. 1996,
Tiong 1996, UNIDO 1996, Bennett 1998, Jefferies et al. 2002, Pongsiri 2002, Jamali 2004,
Bing et al. 2005, Li et al. 2005, Zhang 2005, Abdel Azziz 2007, Abdul-Aziz 2010, Chan et
al. 2010, Dulaimi et al. 2010, Zhao et al. 2010, Babatunde et al. 2012, Cheung et al. 2012, Ng
et al. 2012, Ismail 2013, Hwang et al. 2013, Ismail 2013, Zhao et al. 2013, Kwofie et al.
2016, Almarri and Boussabaine 2017, Osei-Kyei and Chan 2017)

-

Available financial market (McCarthy and Tiong 1991, Qiao et al. 2001, Jefferies et al. 2002,
Bing et al. 2005, Li et al. 2005, Zhang 2005, Sengupta 2006, Abdel Azziz 2007, Abdul-Aziz
2010, Amponsah 2010, Chan et al. 2010, Zhao et al. 2010, Babatunde et al. 2012, Ng et al.
2012, Hwang et al. 2013, Ismail 2013, Kwofie et al. 2016, Almarri and Boussabaine 2017,
Osei-Kyei and Chan 2017)

-

Political support (Zhang et al. 1998, Qiao et al. 2001, Jefferies et al. 2002, Bing et al. 2005,
Li et al. 2005; Zhang 2005, Jefferies 2006, Sengupta 2006, Jacobson and Choi 2008, AbdulAziz 2010, Chan et al. 2010, Dulaimi et al. 2010 Zhao et al. 2010, Babatunde et al. 2012,
Cheung et al. 2012, Zhang et al. 2012, Ismail 2013, Kwofie et al. 2016, Almarri and
Boussabaine 2017, Osei-Kyei and Chan 2017)

-

Multi-benefit objectives (Grant 1996, Qiao et al. 2001, Bing et al. 2005, Zhang 2005, AbdulAziz 2010, Chan et al. 2010, Zhao et al. 2010, Ismail 2013, Kwofie et al. 2016, Almarri and
Boussabaine (2017)
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-

Government involvement by providing guarantees (Tiong 1996, Stonehouse et al. 1996,
Kanter 1999, Zhang et al. 1998, Qiao et al. 2001, Jamali 2004, Bing et al. 2005, Li et al.
2005, Zhang 2005, Hemming et al. 2006, Sengupta 2006, Abdul-Aziz 2010, Chan et al. 2010,
Zhao et al. 2010, Babatunde et al. 2012, Ismail 2013, Osei-Kyei and Chan 2015; Kwofie et
al. 2016, Almarri and Boussabaine 2017; Osei-Kyei and Chan 2017

-

Sound economic policy/financial package (EIB 2000, Bing et al. 2005, Li et al. 2005, Zhang
2005, Chan et al. 2010, Babatunde et al. 2012, Ng et al. 2012, Ismail 2013,Almarri and
Boussabaine 2017, Osei-Kyei and Chan 2017)

-

Stable macro-economic environment (Qiao et al. 2001, Dailami and Klein 1997, Li et al.
2005)

-

Shared authority between public and private sectors (Stonehouse et al. 1996, Kanter 1999,
Bing et al. 2005, Li et al. 2005, Zhang 2005, Chan et al. 2010, Hwang et al. 2013, Ismail
2013, Almarri and Boussabaine 2017, Osei-Kyei and Chan 2017)

-

Clear shared roles and responsibilities (Jacobson and Choi 2008, Chan et al. 2010, Hwang et
al. 2013),

-

Strong community support and relationship (Jefferies et al. 2002, Jefferies 2006, Jacobson
and Choi 2008)

-

Technology transfer (NB: not included in this PPP/PFI research) (Qiao et al. 2001, Jefferies
et al. 2002)

-

Technology and innovation (Tiong et al. 1992, Qiao et al. 2001, Jefferies et al. 2002,
Akintoye et al. 2003, Jamali 2004, Jefferies 2006, Dulaimi et al. 2010, Ng et al. 2012)

-

Flexible contracts (Dulaimi et al. 2010, Babatunde et al. 2012)

-

Trusting relationship and communication between the parties (Ong and Lenard 2003, Jamali
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2004, Susilawati and Armitage 2004, Dixon et al. 2005, Jefferies 2006, Jacobson and Choi
2008, Karlsen et al. 2008, Robinson et al. 2010)
-

Public(social) acceptance /support (Frilet, 1997, Heinke and Wei 2000, Jefferies et al. 2002,
Bing et al. 2005, Li et al. 2005, Chan et al. 2010, Ng et al. 2010, Zhao et al. 2010, Babatunde
et al. 2012, Ismail 2013, Zhao et al. 2013, Kwofie et al. 2016, Almarri and Boussabaine
2017)

Roles and Relationships
The g

that have also been discussed to

some extent to determine which party is responsible for what. What academicians and
practitioners are concerned with PPPs, is providing public services that are cost- and quality
effective while providing social benefits (Grimsey and Lewis 2005), where the government takes
decisive steps to move toward this goal. Accountabilities need to be abundantly clear, otherwise
obscure roles, particularly that of government can affect PPP performance adversely (McAllister
and Taylor 2015).
One of the recent studies identified the
literature review and proposed a conceptual framework (Wu et al. 2016). It was found that the
government is accountable for ensuring effectiveness and efficiency through an emphasis of
value for money (VfM), which was believed that PPPs should not be utilized unless they
promote VfM against the conventional procurement methods (The Treasury Taskforce of the UK
1998). In addition, it was revealed that the public is defined as asset end-users and the general
population in which the former does care about whether there is effective and affordable delivery
of quality services, and the latter seeks efficiency in using public resources. Semi-structured
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interviews examined the proposed framework on a Chinese PPP project (2.25 billion US dollars)
with a 30-year concession period.
Finance
Regarding financing, it is accepted that the institutional difference in developing and
developed countries contribute to the different behavior of similar privatized projects
(Ramamurti 2000). Devapriya (2006) developed a theoretical PPP financing framework to study
governance issues by carrying out a survey on debt and equity arrangements with the focus on
developing countries. Five private entities in different Asian countries were chosen to examine
financial contracts, debt and equity ownership, capital structure, and corporate control. Finding

Among all infrastructure financial sources, the use of bonds as an efficient tool that
facilitates getting debt directly at a low-interest rate within lengthy maturity has experienced
constant growth. In Europe for five years, bond financing was assigned nine times more to
project finance (Scott-Quinn et al. 2015). However, low credit rating has the potential to hinder
companies to have cost-effective capitals. In this regard, credit enhancement through government
debt guarantee and its risks while using bond financing was the focus of Li et al. (2017) research.
The value of such guarantees and the related fair price were measured by virtue of the credit risk
modeling theory and the credit default swap (CDS). Furthermore, by the application of Monte
Carlo simulation it was determined how parameters such as capital structure and tax rate impact
on credit risk and the CDS price. To examine the methodology, a PPP road project in Belgium
was selected as a hypothetical case study. It was concluded that an efficacious credit
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enhancement approach results in a win-win scenario for bondholders, governments, and
companies that fairly priced CDS provides funds to the government for the contingent liability
while keeping the insurance program affordable for the company.
Legislation
Among all the contributing factors, federal and state policies have influenced the
emergence and evolution of the PPP delivery method in the U.S from the outset. In 1991, PPP
contracts started under the auspices of the Intermodal Surface Transportation Efficiency Act
(ISTEA) as the act that began permitting each state to pass its unique legislation on
transportation contracts. Later, through modification and extension, ISTEA was changed into
Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users
(SAFETEA-LU) and Moving Ahead for Progress in the 21st Century (MAP-21), in 2005 and
2012, respectively. According to Maslak and Franz (2018), since 2016 approximately an annual
$40 billion
pave the way transportation development until 2020 (FHWA 2016).
In addition, enactment and passing enabling legislation and policies are required by
individual states. However, not all states have taken action and move toward the PPP contract.
For instance, fifteen states were reported to lack PPP permits for both horizontal and vertical
construction projects (Maslak and Franz 2018). Also, a direct positive relationship between
enabling laws and the value of work in place on PPP projects initiated has been found (Maslak
and Franz 2018) by studying FHWA PPP projects, including highway, tunnel, and bridges and
performing linear regression.
Project Performance
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Despite Europe and the UK as more mature markets, a handful of studies has focused on
project performance of PPP while targeting the US market. The most extensive researches are
international and there is a noticeable lack of studies in the US construction industry, mainly
transportations, and specifically highways. In addition, the majority of studies consider a
combination of industry sectors, for instance, transportation and building.
Chasey et al. (2012) analyzed the project performance of 12 PPP transportation projects,
out of which two projects were located in the US and the rest in Canada. The cost and schedule
changes of these large-scale projects with the minimum size of the US $90 million were
compared to previous studies of traditional project performance, DB and DBB to investigate
which one better controls overrun. Data of the first-generation of large-scale highways under
PPP were collected through interviews with project experts. Results showed that in ten out of
twelve projects, cost and schedule did not exceed their contract amounts, and the PPP delivery
method is advantageous

However, the research had a limitation

of not directly comparing PPP and DB or DBB performance. Furthermore, such a success ratio
cannot be generalized to the US by merely two projects. However, it is well known that the
number of transportation infrastructure projects delivered under PPP in the US is considerably
less than in other countries. Moreover, the method of collecting data only included a single

Most studies have focused on the assessment of PPP cost overruns, which highlighted
more cost saving over traditional delivery methods during comparisons (Mott MacDonald 2002).
Research conducted in Europe analyzed PPP projects, including transportation and building to
rojects (Bain 2010). Comparing 14
international projects, the cost overruns for PPPs averaged half of those for traditional projects
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underlining the fact that PPP is the superior method for European infrastructures.
Allen Consulting Group (2007) carried out a research to compare the performance of 21
PPP projects and 33 traditionally procured projects. PPPs ranged from water projects to

and schedule performance. Later, the same database was used for further statistical analysis,
which mirrored the previous finding in terms of cost; however, schedule overruns had no
significant difference with traditionally procured projects (Raisbeck et al. 2010).
Regarding KPIs, Garvin et al. (2011) examined the project success of eight different
infrastructure projects such as airports, tunnels, and bridges in various locations, namely,
Australia, the US, and the UK. The investigation highlighted the
performance objectives associated with their KPIs; however, KPIs are required to be defined

A study by Ramsey and El Asmar (2015) is considered as an initial benchmark of PPP
cost and schedule performance for the US transportation sector. The authors examined different
types of PPP US transportation projects that were completed by 2013. The collected data was
verified by carrying out interviews with the involved parties in the projects. Making comparisons
with published literature including PPP projects in the international market and public funded US
projects (Shrestha et al 2007, FHWA 2006, Gransberg et al. 2000) emphasized better
performance of PPPs.

2.3 Main PPP Guidelines
There are some useful guidelines to help practitioners to apply PPP more effectively, in
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which the main ones are summarized in Table 2.1. Also, global PPP agencies are presented in
Table 2.2. While there have been different PPP guidelines and models established, there are still

Nonetheless, PPP has been developed and employed with such an entirely or partially incomplete
national framework. Being said that, due to a consensus instead of developing a regulation by
every single contract, which demands considerable time and effort, a suitable PPP framework is
required to be put in place. What is found and established by one country cannot be generalized
to other countries since

solution is not available. In other words,

works in one country may not work in another, and even findings in specific sector or region
within the same country cannot be duplicated in other sectors or regions

Yong 2010).

efforts made thus far in some countries (Liyanage and Villalba-Romero 2015). Taking America

financing, it does not necessarily indicate that it is an entirely new development there since it is

US had limited base and
assets to be privatized (Roman and San Bernardino 2015).
Being pioneered in the UK in the early 1990s, PPP was adopted in many countries as
soon as it was introduced, but that is not the case in the US. In comparison to the UK, Australia,
Canada, and Germany, merely a tiny number of American infrastructure projects have been
financed through PPP. In conclusion, the US has been slow in the PPP market, and the title of
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2015). In theory, it is stated
that PPPs are capable of opening up opportunities, which can result in benefits in the case of
efficient management and implementation. However, in practice, there is no guaranty that PPPs
outperform traditional procurement (Roman and San Bernardino 2015).

Table 2.1. Selected major global PPP guidelines in the recent years
Project Type
Area
Year
General
N/A
2017 Public-Private Partnership Reference Guide, v3.
World Bank, ADB, and IDB: A joint product of the World Bank Group, ADB, EBRD, GI Hub,
IADB, IsDB, OECD, UNECE, and UNESCAP*
Finance (structure, considerations, and roles); Policy (program objectives and scope); Legal
Framework (scope and laws); Processes and Institutional Responsibilities (PPP units); Public
Financial Management Frameworks (assessing fiscal implications and fiscal accounting); Broader
PPP Program Governance (stakeholder engagement and roles of legislative bodies); Identifying PPP
Projects; Appraising Potential PPP Projects (identifying priorities and screening potentials);
Structuring PPP Projects (identifying and allocating risks); Designing PPP Contracts (payment,
adjustment, and dispute resolution mechanism); Managing PPP Transactions (procurement strategy,
marketing, bid process); Monitoring and managing (changes and asset handover); Dealing with
Unsolicited Proposals.
Project Type
Area
Year
General
N/A
2016 Public-Private Partnership Reference Guide, v2.
World Bank, ADB and IDB: A product of the staff of the World Bank, ADB and IDB with external
contributions. The opinions, interpretations, findings and/or conclusions expressed in this work are
those of the authors and not the views or the official policy of the World Bank, ADB, IDB, or the
governments they represent
PPP objectives and scope; Legal Framework; Institutional Responsibilities; Financial management
framework; Broader PPP Program Governance; Identifying and Appraising projects; Identifying and
Allocating Risks; Payment Mechanisms; Adjustment Mechanisms; Dispute Mechanisms;
Procurement strategy; Marketing; Bid process; Dealing with Unsolicited Proposals; Monitoring and
managing asset delivery; Dealing with change; Handover.
Project Type
Area
Year
General
Australia 2016 Guidelines for Public Private Partnership The Partnerships
Framework
Australian Capital Territory Government
Based on Australian PPP Experience: When to consider a PPP; Planning; Procurement; Contract
Management; Governance framework; Roles and Responsibilities
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Project Type
Area
Year
General
Australia 2015 National Public Private Partnership Policy Framework
Australian Government, Department of Infrastructure and Regional Development: This Policy will
be updated from time to time to reflect evolving best practices and lessons learned. The original
publication refers to 2008. With the assistance of Infrastructure Australia, the Australian, State and
Territory Governments will monitor, review and from time to time refine the National PPP Policy
and Guidelines.
Assessment of projects as PPPs including project approval, affordability; Procurement strategy; Key
principles in the application of PPP.
Project Type
Area
Year
General
N/A
2015 A Guide to Public-Private Partnerships1 (PPPs): What Public
Procurement Specialists Need to Know
The NIGP (National Institute of Governmental Purchasing) Business Council: The Foremost
Authority in Public Procurement
Characteristics that make PPPs different form traditional procurement; Cautions; Main barriers in
establishing functional and effective PPPs; Best practices (organizational level and policy level)
Project Type
Area
Year
General
Asia
2014 ASEAN Public Private Partnership Guidelines
Economic Research Institute for ASEAN and End East Asia (ERIA)
Institutional Framework; Value drivers; Project planning (initial procurement decision and option
analysis); Project Implementation (bid evaluation criteria, identifying stakeholders, and risk
allocation); Marketing (bidding process, evaluation criteria, selecting the winning bid, negotiations,
unsolicited proposals).
Project Type
Area
Year
General
UK
2012 PPP Units and Related Institutional Framework
European PPP Expertise Centre (EPEC), United Kingdom England
Mainly introducing England and changes in 1997 besides providing examples of the project cycle in
England and the role of PPP units: PPP market; PPP units; Other key public sector entities in the
framework; Legal and policy framework (legislation, laws, contractual forms, and financial
structure).
Project Type
Area
Year
Transportation US
2012 Establishing A Public-Private Partnership Program: A Primer
US Department of Transportation, Federal Highway Administration, P3 TOOLKIT
Development challenges (cultural changes, coordination, educating); Development strategies
(project selection, evaluation, procurement, and monitoring); Legal issues; Identifying, evaluating,
and structuring; Procurement; Monitoring (responsibilities, success factors, engaged parties).
Project Type
Area
Year
General
Developing 2010 Public-Private Partnerships Policy and Practice, A
countries
Reference Guide
Commonwealth Secretariat, UK
Development process (framework, contract management and monitoring); key issues and constraints
faced by developing countries in structuring, developing, financing and operating PPPs.
Project Type
Area
Year
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General

N/A

2010

From Private Finance Units to Commercial Champions:
Managing complex capital investment programs utilizing

Departments
National Audit Office (NAO), HM TREASURY
Stages of project approval; Project Affordability; Procurement Strategy; Functions of the best
practice model (Implement and influence PPP, PFI, and commercial policy; Manage PPP and PFI
projects within programs; Control the quality of PFI and PPP projects in procurement; Support
operational PPP and PFI projects to ensure they achieve their benefits; Manage the market of
operators and investors; Embed continuous improvement in PPP and PFI projects and programs)
Project Type
Area
Year
General
N/A
2008 Public-Private Partnership Agencies: A Global Perspective
Collaboratory for Research on Global Projects (CRGP)

Australia, Partnerships UK, South Africa PPP Unit
Project Type
Area
Year Guide
General
Australia 2008 National Public Private Partnership Overview
Australian Government, Department of Infrastructure and Regional Development
Key features; Key steps in the investment and procurement decision (suitability criteria,
procurement challenges and strategy); Delivering a PPP project (Key principles for a successful
PPP, Government approvals, Key phases,
Project development, Expression of Interest and Request for Proposal Phases, Negotiation Phase,
Contract manage
integrity, Conflict of interest, Disclosure principles, The Interactive Tender Process, Taxation and
Accounting Issues, Risk allocation and commercial principles)
Project Type
Area
Year
Transportation 9 countries 2007 International PPP Case Studies Report
US Department of Transportation, Federal Highway Administration, P3 TOOLKIT
(Australia, China, Denmark and
Sweden, India, Israel, Argentina); PPP risks; Critical success factors; Legal Issues Associated with
Transportation Infrastructure Project PPPs (Public sector borrowing restrictions, Ability to provide
performance guarantees,
Project Type
Area
Year
General
Global
2007 Best Practices on contract Design in Public-Private
Partnerships
World Bank
Each section is explained based on a case study from China (1), Colombia (1), UK (3), Hungary (1),
Australia (1), Chile (1), Portugal (1), Netherlands (1), and Ireland (1): Best practices of risk
allocation, payment mechanism, contractual Issues (refinancing, dispute resolution, step-in rights,
early termination); transparency and confidentiality in contract design.
Project Type
Area
Year
General
N/A
2007 Best Practices on contract Design in PPPs: Checklist
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World Bank
Transparency; Risk allocation; Payment mechanism; Price variations; Flexibility and Renegotiation;
Contract duration; Other contractual issues; Subcontracting.
Project Type
Area
Year
General
N/A
2003 Guidelines for Successful Public-Private Partnerships
EUROPEAN COMMISSION, Directorate-General Regional Policy
Successful PPPs depend on the effectiveness of the national and municipal legislative and regulatory
structures. In this regard there are two principal models of intervention exist: (I) France and the
decentralized approach which places responsibility at the regional level and within the concerned
line Ministries (II) Other countries, such as the UK and Ireland and a more centralize approach (one
dedicated national PPP unit).
Key PPP Issues (e.g., ensuring open market access and competition and timing); PPP advantages
and disadvantages; Requirements of the PPP partners; Legal and regulatory structures; Procuring the
private contractor; Institutional structures; Financial implication of risk; Grant issues; Practical
issues (e.g., selection of the most suitable PPP structure for the local setting and project
characteristics); constraints and obstacles by National Authorities, technical and organizational
issues (e.g., quality control mechanism), Political and social considerations, Implementation
conditions (e.g., performance management, project agreement, relationship management)
Issues in BOT and DBFO types of PPP
*Acronyms
ADB: Asian Development Bank; IDB: Inter-American Development Bank; EBRD: European Bank for
Reconstruction and Development; GI Hub: Global Infrastructure Hub; IADB: Inter-American Development Bank;
IsDB: Islamic Development Bank; OECD: Economic Co-operation and Development; UNECE: United Nations
Economic Commission for Europe; UNESCAP: United Nations Economic and Social Commission for Asia and the
Pacific

Table 2.2. Known Universe of PPP agencies during time (Farrugia et al. 2008)
Country
UK

Canada

PPP Agency
4Ps
HM Treasury HM Treasury -

The PPP Arbiter
The Canadian Council for Public Private Partnerships
Canadian Health Coalition - PPPs (P3s)
Infrastructure Ontario

Australia
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Year
1996
NA
1997
2000
2001
2002
1993
NA
2003
2006
2000

Partnerships South Australia

Netherlands
Japan
South Africa
Italy
Belgium
Mauritius
USA

South Korea
Ireland
Israel
Portugal
Czech
Republic
Singapore
France

Infrastructure Partnerships Australia
PPP Knowledge Center
PH Promotion Office
National Treasury, PPP Unit
Technical Unit for Project Financing - Italian PPP Task Force
Flemish PPP Knowledge Center
Ministry of Finance and Economic Development - PPP Unit
National Council for Public Private Partnerships
Federal Highway Administration - Public Private Partnership
Public Private Infrastructure Investment Management Center
The Irish Government Public Private Partnership
Ministry of Finance, PPP
Parpublica
PPP Association
PPP Center
Ministry of Finance, PPP Policies
PPP Unit of the
Club de Promotion des Contrats de Partenariats PublicCentre d'Expertise Francias pour l'Observation des Partenariats Public-Prive
L'Institut de la Gestion Delequee - The French Institute for PPP

China

Germany

Efficiency Unit -The Government of the Hong Kong Special Administration
Region
Partnership for Prosperity
Ministry of Finance PPP
Public Private Partnership Task Force

India
Greece
Croatia

PPP task Force Nordrhein-Westfalen
Ministry of Finance, PPP Unit
The Special Secretariat for PPPs
PPP Sector, Trade and Investment Promotion Agency

Slovakia
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2000
2001
2004
2005
2000
2000
2000
2001
2002
2002
2002
2006
NA
2003
2003
2003
2003
2003
2004
2004
2004
NA
2006
2006
2005
2005
2005
NA
2006
NA
NA
2006
2006
2007

2.4 Design-Build Performance Assessment
Several studies have been conducted globally regarding DB, particularly its benefits over
the traditional DBB method on a vast range of project types. Some of these research attempts are
summarized in Table 2.3 and Table 2.4 with a focus on highway projects indicating whether they
evaluate project performance metrics.
Some studies merely considered DB projects (El Wardani et al. 2006, Migliaccio et al.
2010, Shrestha and Fathi 2019). Some researchers included different types of DB projects in
their samples (Sogner et al. 1996, Molenaar et al. 1999, Fathi and Shrestha 2018, Fathi et al.
2020

s project

performance versus DBB are provided in the following Tables.
As can be seen in Table 2.3, out of sixteen related studies, eleven found that DB has an
advantage of cost growth two indicated that there is no difference and the remaining ones

outperformed DBB. It is worth mentioning construction intensity and quality are also
investigated. It is concluded that some metrics are still debatable among scholars, particularly
quality and cost.
Table 2.3 Selected studies on DB versus DBB Building and Infrastructure Projects
Reference
Roth (1995)

6 DB & 6 DBB
Military Construction
332 DB & DBB in UK

Bennett et al. (1996)
Pocock et al. (1996)

25 DB & DBB Public
sector

Project
Performance
Metric

Major Findings As The
Superior Method

. Cost Growth

. DB

. Cost Growth
. Unit Cost
. Delivery Speed
. Cost Growth
. Schedule Growth

. DB
. DB
. DB
. DB
. DB
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Konchar and Sanvido
(1998)

Allen (2001)

351 DB, DBB & CMAR
Industrial

89 DB & DBB
Military Construction

Thomas et al. (2002)

210 DB & 116 DBB
Industrial

Ibbs et al. (2003)

24 DB & 40 DBB

Riley et al. (2005)
Hyun et al. (2008)
Hale et al. (2009)

Rosner et al. (2009)
Moon et al. (2011)
Mollaoglu-Korkmaz
et al. (2013)
Ohanesian et al. 2013
Park et al. (2015)
Shrestha and Fernane
(2017)
Shrestha and Fathi
(2019)
Fathi et al. (2020)

10 DB & 33 DBB
Multifamily Housing
38 DB & 14 DBB
Military Construction
278 DB & 557 DBB
Military Construction
16 DB & 69 DBB
Multifamily Housing
12 DB & DBB & CMAR
Sustainable Build.
DB & DBB
Industrial
27 DB & DBB Apartment
housing projects in Korea
38 DB & 14 DBB
Universities
125 DB
Building
44 DB Water &
wastewater treatment
53 DB highway

. Cost Growth
. Schedule Growth
. Unit cost
. Delivery Speed
. Quality
. Cost Growth
. Schedule Growth
. Quality
. Cost Growth
. Schedule Growth
. Changes & rework
. Cost Growth
. Schedule Growth
. Cost Growth
. Cost Growth
. Schedule Growth
. Cost Growth
. Schedule Growth
. Cost Growth
. Schedule Growth
. Quality
. Cost Growth
. Schedule Growth
. Team Integration
. Sustainability
. Overall Success
. Cost
. Schedule
. Cost Growth
. Construction Speed
. Cost Growth
. Schedule Growth
. Change Order
. Schedule Growth
. Change Order Cost
. Project Intensity
. Schedule Growth

. DB
. DB
. DB
. DB
. DB
. DB
. DB
. DBB
. No significant difference
. DB
. DB
. DBB
. DB
. DB
. DB in design performance
. DB
. DB
. DB
. DB
. DB
. DBB
. DB
. DB
. DB
. DB
. No difference
. DB
. DB
. DB
. No difference
. DB
. DB
. DB
. DB
. DB

In highways, out of 11 related studies (Table 2.4), 7 studies found a cost benefit in DB
projects, whereas 8 studies found a schedule advantage. Not a significant difference also is seen
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among 1 and 2 studies in terms of cost and schedule, respectively. Not all studies obtained the
same results. For instance, due to Minchin et al. (2013), DBB performed better in terms of cost,
while having the same schedule.

Table 2.4 Selected studies on DB versus DBB Highway Projects
Project
Performance
Metric

Major Findings / Method
with Better Performance In
Case of Comparison

DB & and DBB
108 DB
Highways & Buildings

. Cost Growth
. Unit Cost
. Delivery Speed

. DB
. DB
. DB

104 DB & DBB
Highways & Buildings

. Cost Growth
. Schedule Growth

. DB
. DB

. Cost Growth
. Schedule Growth
. Cost Growth
. Schedule Growth
. Quality
. Cost Growth
. Schedule Growth
. Quality
. Cost Growth
. Schedule Growth
. Quality
. Cost Growth
. Schedule Growth
. Unit Cost
. Delivery Speed
. Cost Growth
. Schedule Growth

. DB
. DB
. DB
. DB
. DB
. DBB
. DB
. No difference
. DB
. DBB
. No difference
. DBB
. No difference
. DBB
. DB
. DBB
. No difference
. DB (within a limited size
range)
. No difference
. DB

Reference
Ellis et al. (1991)
Songer et al. (1996)
Molenaar et al.
(1999)
Gransberg et al.
(2000)

11 DB & 21 DBB

Warne (2005)

21 DB & 39 DBB

USDOT-FHWA
(2006)

11 DB & 11 DBB

Shrestha et al.
(2007)

4 DB & 11 DBB

Shrestha et al.
(2012)

22 DB and DBB

Minchin Jr. (2013)

51 DB & DBB

Tran et al. (2016)

210 DB & 2766 DBB

. Cost Growth

Park & Kwak
(2017)

DB & DBB
Public Transportation

. Cost Control
. Schedule Control
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2.5

Gap in the Literature
Reviewing the literature, despite research efforts made in different aspects of the P3

delivery method, there are still missing areas and unanswered questions regarding highway
projects in the US. First, in the area of Contract Framework for highway projects: none of the
studies have paid heed to the main issues that required serious consideration during different P3
contract phases of highway projects in the US. Second, in the area of Project Performance:
considering all P3 highway projects in the US, and encompassing the most recently completed
ones, the effectiveness of P3 performance in the US highway industry is unknown, and no study
has covered it yet. Third, in the area of Performance Comparison: it is not clear whether thus far,
the P3 delivery method could lead to better performance compared to the widely used DB
delivery method in US highway projects, particularly. Therefore, the present research aims to fill
these crucial gaps in the body of knowledge on US P3 highway projects.
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CHAPTER 3: RESEARCH METHODOLOGY
3.1

Overview of Methodology
The overall and detailed methodology of this research is shown in Figure 3.1 and Figure

3.2. After defining the research need, scope, and objectives, related literature was reviewed. Data
of P3 as well as DB highway projects will be collected. Through the Delphi study, a framework
for project performance of P3 will be developed. Then, the data will be analyzed statistically and
a comparison between P3

drawn with respect to

cost, schedule, and change order. Finally, based on findings and results, conclusions and,
recommendations will be presented.

Figure 3.1 Flowchart of the Proposed Methodology (in General)
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Figure 3.2 Flowchart of the Proposed Methodology (in Detail)
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3.2

Delphi Study
As it was previously mentioned, the current study aims to establish a framework for P3

contracts with the focus on highway projects by applying the Delphi study. The process starts
with less structured methods such as phone interviews with open-ended questions in the first
round and is followed by more structured methods like a questionnaire with closed-end questions
(Sourani and Sohail 2015). All participants in the first round are invited once more to attend the
second round. In this stage, they are asked to rate their previous responses and give importance
level of the P3 contract issues. After collecting the
examine whether they provide convergent responses. An adequate level of the agreement
indicates that the study demands no more rounds. While in the case of non-convergent responses,
experts would have more chance(s) to modify their responses through a similar round. As a
result, Delphi study acts as a self-validator (Yeung et al. 2009). Figure 3.3 shows the
process.
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Figure 3.3 Delphi Study

3.2.1

Data Collection
The existing P3 highway projects have been presented in Appendix B. More information

on these projects, such as funding sources, can be found on the FHWA website (FHWA 2019).
The states of the US, where these P3 highway projects are located is shown in Figure 3.4. Fifteen
states namely, Virginia, California, Texas, Florida, Colorado, North Carolina, Alabama,
Pennsylvania, Indiana, Kentucky, New York and New Jersey (together), Georgia, South
Carolina, Ohio, and Puerto Rico. Three projects were not complete by the time of this analysis
despite the original plan, and Ohio, with a single project was among them.
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Figure 3.4 States that have invested on P3 highway project in the US thus far

Before starting the process, the candidates needed to meet minimum requirements to be
qualified for participation. The following requirements were defined for this study:
1. At least five years of experience in infrastructure projects, particularly highway projects
2. Knowledge about P3 delivery method
3. An active involvement in the related P3 highway project from the outset
4. Having a key role in the selected P3 projects such as a project manager
Invitation emails were sent to the verified panel members indicating the purpose of the
study and the fact that they remain anonymous (Appendix C). To accelerate the process, friendly
reminders were sent every two to three weeks and if necessary, follow up phone calls were made.
experts were to schedule
for a phone interview. Despite a lot of efforts put into
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from DOTs and the transportation industry, not all expressed willingness. Some emails and
phone calls were not responded at all. Some experts declined to attend the study, indicating their
busy schedule and wishing luck with this study. Also, not all key members of the first P3
projects, currently in their concession period, could be reached out due to their retirement.
Some DOTs have more than one project, which made the same contact information and
possible experts common for the Delphi study. Among twenty-six P3 highway projects located in
fourteen states and Puerto Rico, three projects were not complete despite their expected
completion dates at the time of proposing this research. After sufficient reminder emails and
short follow-up phone calls, twenty individuals were interviewed. Questions were sent to the
to give a vivid picture of the upcoming phone interviews and helped
them become prepared. There were five main sections, including
After the
feedback, the initial list with thirty-eight questions was modified to thirty-three questions. These
open-ended questions used for the first round are provided in Appendix D.
Having the first interview in May 2019 with Texas DOT and the last one in January 2020
with Virginia DOT, twenty interviews were conducted during these eight-months. The average
time spent on each phone interview was about thirty-eight minutes, with the range of thirtyminutes to one hour and a half (with more discussions). Due to the high number of interview
questions, some participants split their interview to separate short phone calls based on their tight
schedule. There were also two cases in which the interview was conducted as a conference
meeting with more than one individual. Among all respondents, one from Ohio DOT preferred to
send the answers in a word document through an email. This information can be found in Table
3.1 and Table 3.2.
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Table 3.1. Delphi Study participants
State

# Projects

# Participants

1

Texas

3, 1*

4

2

California

3

2

3

Colorado

1

2

4

Florida

2

3

5

North Carolina

1

2

6

South Carolina

1

1

7

New York (& NJ)

1

2

8

New Jersey (& NY)

Same

-

9

Virginia

4

2

10

Georgia

1

1

11

Ohio

1*

1

19 Projects

20 Experts

Total 17 complete
2 in progress
*The project was not complete by the time of the analysis

Table 3.2. Delphi Study non-participants
State

# Projects

1

Alabama

1

2

Pennsylvania

1, 1*

3

Kentucky

1

4

Indiana

2

+

Puerto Rico

1

Indiana

7 Projects
Total 6 complete
1 in progress
*The project was not complete by the time of the analysis
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Participants with different years of experience in the highway industry and in P3 highway
projects (Table 3.3) along different roles helped the Delphi Study cover contractual areas
successfully, including P3 Program Manager, Financial Specialist, Oversight Manager, Manager
and Team Leader, Office of Innovative Program Delivery, Transportation Specialist, Advanced
Project Development Engineer, Financial Program Delivery Team Leader, Express Lanes
Manager (O&M oversight), Project Finance Manager, Innovative Contracting Engineer, and
Project Manager.

Table 3.3. Delphi-Study parti
US Highway

US P3 Highway

Industry

Projects

Average

17

6.5

Minimum

9

2.5

Maximum

30

18

Based on the received responses through the first-round survey, a new questionnaire was
designed and distributed to all participants using Qualtrics survey instrument for the secondround survey. Having a total number of forty-three questions, individuals were asked to rank the
provided options for most of the questions, and for a few ones, share their viewpoint ranging
from Strongly Agree to Strongly Disagree. The distributed survey questions for the second round
have been presented in Appendix G.
and reminders were sent
(Appendix C), but mostly follow-up calls were made to avoid long waiting time as the survey
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was user-friendly and options could be either dragged and dropped for rankings or marked for
the few other questions. Although it was estimated this survey would take approximately twenty
and
alternatives they did spend more time ranging from thirty-two to one hour and eight minutes as
the greatest time spent. There was also, one respondent with four

submission, who

contacted through email sharing about the mistake made during filling out the survey and asking
for a PDF format. By virtue of follow-up calls, except for some who filled out after the first
email, all interviewees participated in this survey and the second round ended in the last week of
February 2020 after receiving the 20th response.
3.2.2

Statistical Analysis
After collecting the

provide convergent responses or further chance is needed to request individuals to modify their
responses through a similar round.

3.2.2.1

Inter-Rate Reliability Agreement Test for Delphi Study
The inter-rater reliability (IRR) agreement test analyzes the consensus of the collected

data through a statistical method known as the intra-class correlation coefficient (ICC). Being
proposed by Shrout and Fleiss (1979), through a Statistical Package for the Social Sciences
(SPSS) software ICC can be obtained between 0.00 (no consensus or consensus by chance) and
1.00 (perfect consensus) (Fleiss 1975, Montgomery et al. 2002). Depending upon the studied
sample and results, ICC, which is calculated through the following equation (Zaiontz 2015), may
have a different range for fair, moderate, and strong consensus will be defined.
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Based on the definition, higher ICC indicates that IRR is higher and consequently, the
xtent of the agreement is greater (Hallgren 2012). Due to Cicchetti (1994), there are four
common categories for ICC values, poor (0-0.4), fair (0.4-0.59), good (0.6-0.74), and excellent
(0.75-1). However, Montgomery et al. (2002) considered ICC lower than 0.40, between 0.41 and
0.60, 0.61 and 0.80, and over 0.80 as fair, moderate, strong, and almost perfect consensus,
respectively. However, in general, the ICC value above 0.7 is acceptable (Graham et al. 2012). In
this dissertation, Cicchetti (1994) is followed.
3.2.2.2

Relative Importance Index Test
The Relative Importance Index (RII) has been utilized in numerous research studies to

determine the level of significance of each factor compared to others and eventually to rank all
(Kruskal and Majors 1989, Kometa et al. 1994, Sambasivan and Soon 2007, Gündüz et al. 2013,
Shrestha 2016, Aziz et al. 2016). The most common means in this regard is using the five-point
Likert scale ranging from very low important (1) to very high important (5) and transforming it
to RII through the following equation:

Where,

= Weighting given to each factor by the

responder

= The highest weight
= The total number of respondents
Based on the definition, higher RII indicates that the factor is more important. RII method
w

options to present overall rankings and top ranked factors.
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3.3

Project Performance and Comparison
This section is assigned to the collected performance data and the associated statistical

analysis of the samples.
3.3.1

Data Collection
Data collection for comparing project performance of P3 and DB highway projects in the

US was conducted. Although it was originally planned to collect all the required data through
two separate questionnaire surveys (Appendix E), no complete survey was received. Some
emails and phone calls were not responded. Some experts declined to attend further voluntary
participation, particularly, those who had attended interviews of the Delphi study informed about
its subsequent round(s). There were a few who preferred to share documents and/or refer to
public websites, due to first, lack of time and second, data confidentiality. Although after hearing
such a common concern, new calls were made, and official emails were sent explaining the
research and the fact that the goal is conducting statistical tests on the whole sample and no
individual data would be published (Appendix C), it did not work.
All limitations led to searching and finding the major cost and schedule data available online (Appendix E) besides a handful of documents received. Among twenty-six P3 highway
projects located in fourteen states and Puerto Rico, three projects were not complete despite their
expected completion dates at the time of proposing this research (mentioned in Tables 3.1 and
3.2). Therefore, in this phase, the majority of data were collected through a thorough online
search and perusing available documents, which limited the range of data that was planned to
collect and analyze.
Furthermore, despite available online contracts for most of the DB projects (DBIA), this access
is not applicable to many P3 projects of the US sample. Among performance metrics, not all
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could be found for the P3 projects. Considering the available data, the main performance metrics
generally used in most of the construction management research have been covered and/or

Change

(Appendix I). The

Contract Award/Bid Amount and subsequently

was not available for all

P3s. However, regarding DB highway projects change orders have been studied as research
papers earlier (Shrestha and Fathi, 2019). Therefore, the analysis of project performance and
consequently the comparison has been carried out based on Total Cost Growth, Total Schedule
Growth, and Construction Intensity (Design-Build).
3.3.2

Statistical Analysis
In this section first a descriptive statistic of all collected P3 and DB highway projects

data is presented and then the method used to conduct comparison of these two project delivery
methods is explained.
3.3.2.1

Performance Metrics

Cost Performance
Based on the actual completion cost and estimated completion cost (design and

Project Cost Growth measures the amount of cost saving or cost overrun.
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Schedule Performance
Based on the actual completion duration and estimated completion duration (design and

actual durations as follows:

Project Schedule Growth measures the amount of time saving or cost overrun.
A further schedule-related metric

which

can be calculated with the actual completion cost and duration as follows:

Being defined as the daily total cost of work, construction intensity measures the speed
with which the project is completed according to the amount of money spent on and shows how
fast a project is completed, which here means how fast a project is designed and built (Park et
al. 2015, Shrestha and Maharjan 2018, Shrestha et al. 2017).

3.3.2.2

Descriptive Statistics
Considering the smallest P3 projects, one in Pennsylvania 2 ($37M), which is not

complete yet and the other, in Alabama 3 ($50M, adjusted to the time of this analysis), in total, a

Northampton County Bridge Renewal Program
3 Foley Beach Express
2
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hundred twenty-two DB highway projects above $25M were identified (Appendix J), which
means about five DB projects versus each P3 project. It is worth mentioning that this sample was
collected based on an assumption that all P3 projects listed in Appendix B, would be complete
by the time of presenting this study, however, it did not occur for three projects, among which
was the smallest P3 ($37M). Table 3.4 shows the start and end date of all the collected P3 and
DB projects for this study.

Table 3.4. The entire

time information by project delivery method
Total Sample of

Total Sample of

P3

DB

Oldest start year

1993

1995

Most recent start year

2016

2018

Oldest end year

1996

1998

Late 2018

Late 2019

Most recent end year

Further scenarios were defined in addition to the initial sample. In one scenario, the
smallest complete P3 project by the time of this analysis was set as the lower bound for the
project size, which means all P3 and DB projects above $50M. Moreover, the last scenario was
defined for merely initial or the oldest DB projects of the sample, due to the fact that there is
more experience in the DB method as it was not adapted slowly despite P3s.
There is one P3 project that is known as a big failure
Indiana 4 (American Progress Report 2018) with approximately 50 percent over-budget and
above 90 percent schedule overrun completion. This project was excluded in the analysis of all
4 I-69 Section

5
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scenarios, in order to investigate the overall P3 performance not affected by the single
. It is worth mentioning that similar
failure and poor performance was not observed in the collected DB projects. Thus, the scenarios
are as follows:
1. All collected projects (>$25M): 22 P3 vs. 122 DB
2. Projects meeting the size limit based on the smallest P3 ( $50M): 22 P3 vs. 82 DB
3. Considering the oldest DB projects of the sample: 22 P3 vs. 25 DB
3.3.2.3

Comparison Analysis
In general, depending on sample characteristics concerning the equal/unequal sample

sizes, normal or non-normal distributions, and equal/unequal variances, there are different
statistical methods for each case. According to a guide established for choosing an appropriate
characteristics (Skovlund and Fenstad 2001) and considering unequal
sample sizes of this study, different cases are defined (Table 3.5).

Table 3.5 Suitable statistical tests for unequal sample sizes (Skovlund and Fenstad 2001)
Statistical Tests
Distributions

Variances
T-test

Mann Whtiney U test

test

Equal

Best Choice

Acceptable

Acceptable

Unequal

Not Acceptable

Not Acceptable

Best Choice

Equal

Acceptable

Best Choice

Acceptable

Unequal

Not Acceptable

Not Acceptable

Acceptable

Normal

Non-Normal
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Therefore, in the following sections, first testing normality and equality of variance are

3.3.2.3.1

Sample Characteristics - Normality

For a parametric test, the data need to pass the normality test first otherwise a nonparametric test is required. N
investigating numerical and visual outputs, including, (a) Skewness and Kurtosis z-values that
should be between -1.96 and 1.96 (Cramer 1998, Cramer and Howitt 2004, Doane and Seward
2011), (b) Shapiro-Wilk test in which p-value needs to be above 0.05 (Shapiro and Wilk 1965,
Razali and Wah 2011), and (c) a visual inspection of the histograms, Normal Q-Q plots, and Box
Plots. The data do not need to be perfectly normally distributed, which is not found in real-world
problems. The primary goal is to find an approximately normal distribution in each category of
the independent variable, which in this study means checking both P3 and DB data with respect
to the performance metric. If the P-values of testing null hypotheses fail to meet the required
value, the normality assumption is rejected, and the Tis normally distributed. This leads to the application of another test, the Mann-Whitney U
(MWU).

3.3.2.3.2

Sample Characteristics - Equality of Variance

Equality of variances is a further assumption for some parametric data and nonparametric data statistical methods. Regarding normally distributed data (parametric data), a
in SPSS is built into the ANOVA procedure (Test
of Homogeneity of Variances). The null hypothesis states that there is an equality of variance. If
the p-value is below 0.05, the null hypothesis is rejected, and it could be assumed that there is no

64

equality of variance. If the p-value is above 0.05, the null hypothesis is confirmed, and equality
of variance could be assumed (Martin and Bridgmon 2012). In the case of non-normally
distributed data (non-parametr
for non-normally distributed data in one step, three new variables need to be defined as (a)
ranked data, (b) group mean ranks, and (c) deviations from mean ranks, which this variable is
e
and P3 samples the equality of variance is investigated.

3.3.2.3.3

Comparison Test

T-Test

For comparison purpose, T-test is one of the most prevalent statistical tools with
acceptable robustness examined by researchers since decades ago in various fields of study
(Sawilowsky 1990, Bridge and Sawilowsky 1999). In comparing two sample means with respect
to a particular term, the independent variable is nominal level data and the dependent one is
interval/ratio level data (Crewson 2006). The fundamental assumption is normal data
distribution, making t-test the uni-formally most powerful unbiased test (UMPU) (Crewson
2006), which means the best test capable of detecting true differences. According to Crewson
2006, the other assumptions include: (a) Random sampling (b) Independent samples (c)
Interval/ratio level data (d) Organize data.
Three research hypotheses were developed to determine whether the above-mentioned
performance metrics were significantly different between the two delivery approaches. These
hypotheses state that the mean cost growth, schedule growth, and construction intensity in P3
and DB projects are significantly different.
Research hypotheses for the first scenario, all collected projects (>$25M): 22 P3 vs. 122
DB are as follows:
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Research hypotheses for the second scenario, projects meeting the size limit based on the
smallest P3 ( $50M): 22 P3 vs. 82 DB are as follows:

Research hypotheses for the third scenario, considering the oldest DB projects of the
sample: 22 P3 vs. 25 DB are as follows:
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The associated null hypotheses for each scenario are defined respectively as follows:

If the p-values were found to be less than 0.05, then the null hypothesis would be
rejected, confirming the research hypothesis that the mean values of these two types of projects
were significantly different. However, before conducting T-test and evaluating the hypotheses,
some assumptions need to be met (Field 2013, Pallant 2013): (a) Independent observations, (b)
Normality, which means that the dependent variable needs to follow a normal distribution in
both populations, and (c) Homogeneity, indicating that the standard deviation of the dependent
variable must be equal in both populations, which is necessary when the sample sizes are
unequal to a great extent applicable to this study.
3.3.2.3.4

Comparison Test

Mann-Whitney U-Test

Mann-Whitney U (MWU) test is referred to as the nonparametric version of the
parametric T-test (McKnight and Najab 2010) or non-parametric equivalent to independent
samples T-test. Similarly, it is used to determine if there are statistically significant differences
between the two groups; however, when assumptions associated with parametric distributions
(such as an approximate level of normal distribution) are not met, the MWU-Test is applied with
nonparametric data (MacFarland and Yates 2016).
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Three research hypotheses are defined same as t-test, however, regarding medians, stating
that the median cost growth, schedule growth, and construction intensity in P3 and DB projects
are significantly different.
Research hypotheses for the first scenario, all collected projects (>$25M): 22 P3 vs. 122
DB are as follows:

Research hypotheses for the second scenario, projects meeting the size limit based on the
smallest P3 ( $50M): 22 P3 vs. 82 DB are as follows:

Research hypotheses for the third scenario, considering the oldest DB projects of the
sample: 22 P3 vs. 25 DB are as follows:
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The associated null hypotheses for each scenario are defined respectively as follows:

The assumptions are first, independent groups, and second, continuous (ordinal or
numerical) dependent variables (Field 2013, Pallant 2013). Also, considering the histograms, the

present a similar shape and pattern. No violation from all the mentioned facts allows reporting
the difference between the medians of two groups.
3.3.2.3.5

Test
Test is referred to the unequal variances T-test and also is

-

test (Zimmerman and Zumbo 1993), regardless of sample sizes. It is a modification of a t-test to
determine whether two sample means are significantly different. Therefore, alternate hypotheses
and null hypotheses are the same as the t-test, discussed above in equations 8 to 16 and 17 to 19,
respectively.
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CHAPTER 4: DATA ANALYSIS, RESULTS, AND DISCUSSIONS
This chapter consists of three main sections. The first section presents findings from
Delphi Study and a framework for P3 contracts applied to highway projects. The second section
describes analyzed the P3 and DB cost and schedule project performance. Finally, the last
section is dedicated to comparison analysis of these two delivery approaches and studying
whether there is a significant difference in their performance metrics.
4.1 Delphi Study
As it was indicated in the previous chapter, out of twenty participants from the first-round
interviews, for about eight months by the end of February 2020. During interviews, there were a
few professionals who provided further discussions, which made the collected information more
extensive than it was expected, while most other experts responded more concisely. In the
Finance section, individuals prefer to answer two or three questions together due to their
All the information received from the first round is available
in Appendix F as a summarized version.
In total, 43 questions were designed about the five main phases including, (1) Project
Selection Criteria, (2) Finance and Funding, (3) Document Preparation, (4) Procurement, and (5)
Implementation. All participants attended the second-round questionnaire survey with rankingtype questions, among which were a few inquiries about their viewpoints on a specific statement.
The majority of the participants filled out the survey thoroughly in the second phase except four
questions by five participants. One did not answer Question 12 (ranking type), and the other left
Questions 21 and 22 blanks (agreement type), one other individual did not mark Question 22
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(agreement type), and the last two participants both did not answer Question 40 (agreement
type). Thus, in total, six blanks were found in the submitted sheets.
This section is followed by three main sub-sections: First, agreement test through ICC
measure, second, ranking of the all listed answers for each question based on their relative
importance (RII), and third, an additional scenario by including one DOT with an unsuccessful
experience in the last decade which is currently working on its new and first P3 project (to
examine the differences it might provide to the results and the most important aspects to be
considered in the framework).
4.1.1

Agreement Analysis - Intra-class Correlation Coefficient (ICC)
As it was discussed in the methodology chapter, this reliability test aims to reveal how

consistent respondents are relative to each other on average from person to person to interpret
whether the collected data is reliable or not. In order to examine the consensus degree, all the
responses were digitized in an excel sheet. A sample of this calculation with details using SPSS
can be found in Appendix K.
The ICC analysis performed in the R-program has been summarized in Table 4.1 for all
forty-three questions, stating each phase, question, obtained ICC value, consensus status, and the
lower and upper bounds of ninety-five percent confidence interval. For the analysis, 95%
confidence interval (i.e., the level of significance was 0.05) was set, which means 95% of the
ICC values in all cases have an ICC within the confidence intervals shown in Table 4.1. All the
values of Cronbach's alpha were higher than the acceptable threshold, above 0.7 (Nunnally
1994).
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Table 4.1. Intra-class Correlation Coefficient (ICC) Analysis
ICC
value

Consensus
status

Rank the required screening factors and
characteristics for a project to fit PPPs
An economic analysis (including but not limited
to VfM) comparing different delivery methods is
performed to find which one provides maximum
economic benefits to private party as well as the
DOTs. (Agree/Disagree)

0.85

Excellent

0.70

0.96

0.91

Excellent

0.73

0.98

3

VfM is a mandatory step in feasibility studies at
DOTs (Agree/Disagree)

0.88

Excellent

0.63

0.98

4

What is the minimum size of the project in terms
of cost to be suitable for PPPs

0.92

Excellent

0.77

0.99

5

Rank the following success factors for a PPP

0.91

Excellent

0.80

0.97

6

Rank the requirements for the evaluation panel to
assess the proposed project as a potential PPP

0.89

Excellent

0.78

0.96

7

Rank the common risks in PPP highway projects

0.79

Excellent

0.56

0.93

8

Rank risks needed to provide appropriate
incentives/greater rewards to the
concessionaire/private party
(Transferred/Shared/Retained)
Rank requirements and elements regarding the
involved staff in PPPs

0.74

Good

0.40

0.93

0.90

Excellent

0.78

0.97

0.74

Good

0.47

0.91

0.71

Excellent

0.50

0.97

#

Section
Question

95% confidence
Interval
Lower Upper
bound bound

S1 Project Selection Criteria
1
2

9
10

Rank the specializations that should be involved

S2 Finance and Funding
11 Does the source of funding have impact on
delivering PPP project successfully?
12

Rank the type of funding and financing resources
needed for a successful PPP

0.92

Excellent

0.82

0.98

13

What types of terms in TIFIA loans could be
beneficial to P3s?

0.96

Excellent

0.90

0.99

0.98

Excellent

0.96

0.99

How much do public and private sectors invest /
lend to a PPP project, while the goal is 100% by
private?
S3 Document Preparation
14
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15

Rank the areas/contract clauses that should be
included in PPP contracts

0.94

Excellent

0.90

0.97

0.88

Excellent

0.74

0.96

0.79

Excellent

0.33

0.97

17

What are the main roles that federal government
and/or states) should be responsible for?
What are the most important things to foster with
elected leadership in regard to P3 enabling
legislation?

18

Rank the important factors in creating a legal
framework for PPPs

0.96

Excellent

0.94

0.98

19

Rank the main issues in PPP payment
mechanisms

0.87

Excellent

0.68

0.97

0.86

Excellent

0.57

0.98

0.76

Excellent

0.35

0.97

16

20

21

If the revenues collected by the private party
exceed what is expected, there are mechanisms to
limit this profit, e.g. sharing surplus revenues.
(Agree/Disagree)
Project incentives (rewards for superior
performance) are as necessary as disincentives in
PPP contracts. (Agree/Disagree)

22

There is no disincentives/penalties for the state
DOTs. (Agree/Disagree)

0.78

Excellent

0.30

0.97

23

What types of penalties should be used?

0.98

Excellent

0.96

0.99

0.97

Excellent

0.91

0.99

0.95

Excellent

0.87

0.99

0.97

Excellent

0.94

0.99

1

Perfect

1

1

24

What type of insurance is appropriate in a PPP
project?

25
make changes despite private sectors.
(Agree/Disagree)
26

What should be performed for dispute
resolution?

27

What types of contract should be used? Lump
sum, unit price, GMP, etc.

S4 Procurement
28

After identifying a potential PPP project what are
key issues in conducting PPP procurement?

0.84

Excellent

0.71

0.94

29

What do public agencies need to ensure a
qualified, fair & transparent competition?

0.92

Excellent

0.85

0.97

30

Rank the most common bid process to select a
developer in PPPs

0.99

Excellent

0.98

1

0.60

Good/~Fair

-0.43

0.95

The existing procurement laws limit agencies to
procure the PPP projects. (Agree/Disagree)
S5 Implementation
31
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32
33

What are the main principles in PPP project
implementation?
The design management of PPP is similar to DB
except the fact that the responsible party is the
developer. (Agree/Disagree)

0.97

Excellent

0.90

0.99

0.92

Excellent

0.74

0.99

34

What are key issues in PPP contract
management?

0.93

Excellent

0.83

0.98

35

What are performance management
responsibilities of public sector?

0.95

Excellent

0.89

0.99

36

Rank the PPP performance monitoring
responsibilities of Public agency.

0.98

Excellent

0.96

0.99

37

Rank the PPP performance monitoring
responsibilities of concessionaire

0.95

Excellent

0.87

0.99

38

Rank the PPP performance monitoring
responsibilities of 3rd party

0.99

Excellent

0.98

1

39

Rank the PPP performance monitoring
responsibilities of shared party

0.99

Excellent

0.98

1

40

Operation as well as maintenance phase should
be included in PPP project to maximize benefits.
(Agree/Disagree)
If a PPP project includes O&M, what should be
the length of this period?

0.87

Excellent

0.60

0.98

0.95

Excellent

0.87

0.99

42

What factors should be considered in project
handover / closeout phase?

0.94

Excellent

0.87

0.99

43

Environmental Permitting in PPP projects is the
same as DB projects.

0.91

Excellent

0.76

0.99

41

Setting 0.7 as the threshold value for the ICC in this study, all survey data were
acceptable and reliable. There were impressive agreements between the responses presented. Out
of forty-three questions, thirty-nine questions received an

ent. Overall, due to

the adequate level of the agreement, no more similar round is required to be repeated. Questions
8 and 10 both from the project criteria selection
about risks needed

to provide appropriate

incentives

or greater

rewards

concessionaire/private party and the specializations that should be involved in P3 units.
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to

the

A

, Question 31 obtained the smallest ICC with

the broadest range defined by the lower and upper bounds. This feedback was expected due to
the difference in their enabling state legislation and their range of allowances and/or limits.
Nevertheless, 0.6 is considered as a lower limit for a "Good" consensus due to some references
(mentioned in chapter 3), asking the same respondents this question again would not make any
change to its Agree/Disagree-type question
upper bounds indicates

, while the wide range between the lower and

variety.

In the ranking-type Question 27 with three main options for the contract types that should
be used, namely Lump sum, unit price, and GMP, no one changed the order of the provided
options, indicating that respondents confirmed the given order, which led to a perfect agreement.
There were also two questions that got an upper bound of 1 in confidence intervals, namely
Questions 38 and 39 regarding monitoring responsibilities of a third-party and shared party,
respectively. This occurred since there were only three options to be ranked and merely a few
respondents exchanged the 1 st and 2nd options, while the 3rd option was not changed by anyone.
4.1.2

Rankings
In this section the given scores and subsequently obtained order for all questions are

presented based on the relative importance. A sample of this process and calculation is available
in Appendix K.
4.1.2.1 Project Selection Criteria
The outcome of the analysis, received scores, RII values, and obtained ranks for Question
1 can be found in Table 4.2 in the same given order.
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Legal feasibility: Allowance or

project

mong all other

screening factors,

received the

lowest rank for considering a project as a potential P3 delivery. The last option was blank for any
other possible factor that was not listed in the questionnaire. Some of the respondents filled it out
s

placed 5th. Figure 4.1 shows all factors in the descending

order of RII.

Table 4.2. The ranking of P3 screening factors
Q1

The required screening factors and characteristics for a project to fit PPPs

RII

Rank

1

Comparing the pros and cons of the project delivered by PPP with other
delivery methods (DBB/ DB/ CMAR, etc.)

0.72

2

2

Projects with high levels of risks to benefit from risk transfer to private
parties and financial returns

0.64

4

3

A State DOT with DB experience as the minimum required skills and
resources for PPPs

0.48

7

4

Legal feasibility: Allowance or constraints set by procurement laws (at
the state, local, or federal levels) regarding PPP projects

0.83

1

5

Enough political support

0.53

5

6

Project design is complex or technically challenging

0.47

8

7

Resources (Federal, State and/or local) are available to leverage with
private investment

0.35

9

8

Large size projects ($)

0.66

3

9

Projects that required to be contracted for the whole lifecycle (funding,
design, construction maintenance, and operation)

0.33

10

10

Other (not listed above): Lack of public fund

0.53

5
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Figure 4.1 P3 screening factors in the order of RII
The outcome of the RII analysis for Question 2 inquiring about the economic analysis can
be seen in Table 4.3. Due to the majority of respondents, economic analysis, which is not limited
to VfM, is required to find which delivery method provides maximum economic benefits to both
private and public parties. However, one respondent had no opinion in this regard.

Table 4.3. Viewpoint on economic analysis including VfM
An economic analysis (not limited to VfM) comparing different
delivery methods is performed to find which one provides
Q2
maximum economic benefits to private party as well as the DOTs

RII

Rank

1

Strongly Agree

0.84

1

2

Agree

0.08

2

3

Neutral

0.03

3

4

Disagree

0.00

4

5

Strongly Disagree

0.00

4
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Figure 4.2 Number of respondents for each level of agreement on economic analysis to find the
maximum mutual economic benefits
VfM was asked in a separate question to see whether experts consider it a mandatory
analysis or not. The outcome of the RII analysis for Question 3 is presented in Table 4.4. As can
be seen there was no disagreement.

Table 4.4. Viewpoint on VfM as a mandatory study
Q3

VfM is a mandatory step in feasibility studies at DOTs

RII

Rank

1

Strongly Agree

0.53

1

2

Agree

0.37

2

3

Neutral

0.11

3

4

Disagree

0.00

4

5

Strongly Disagree

0.00

4
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Figure 4.3 Number of respondents for each level of agreement on VfM as a mandatory step in
feasibility studies

The outcome of the RII analysis for Question 4 can be found in Table 4.5. According to
respondents, the minimum required size for a highway project to be delivered through P3 is
$500M. Figure 4.4 shows all received responses in order.

Table 4.5. The ranking of the minimum required size for a P3 highway project
Q4

The minimum size of the project in terms of cost to be suitable for PPPs

RII

Rank

1

$50M

0.05

1

2

$200M

0.16

2

3

$500 M

0.68

3

4

$1 B

0.00

4

5

Other: 100 M

0.11

5
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Figure 4.4 Minimum required size for a P3 highway project in the order of RII
The outcome of the analysis, received scores, RII values, and resulted ranks for Question
1 can be found in Table 4.6.

Proper risk assessment and allocation to the private parties

got the highest score and top rank, among all other screening factors, An established guidelines
to make PPP projects successful

bottom of the list for considering a project as a

potential p3 delivery. The respondents added no other factor. Figure 4.5 shows all factors in
descending order.

Table 4.6. The ranking of the success factors for a P3 highway project
Q5

implementation

RII

Rank

1

Proper risk assessment and allocation to the private parties

0.74

1

2

Avoiding ambiguous language and interpretations in the contract

0.66

3

3

Providing strong political support

0.66

4

4

Providing maximum

0.49

7

5

Public and private parties should work collaboratively

0.61

5

6

Public organizations should have enough experience in DB projects

0.56

6
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7

Public organizations should have enough experience in PPP

0.49

7

8

A established guidelines to make PPP projects successful

0.47

9

9

Realistic assessment of the project estimates, risks, and revenues of

0.71

2

10

Others: -

0.10

10

Figure 4.5. The P3 success factors in the order of RII
Figure 4.5 Success factors for a P3 highway project in the order of RII

The outcome of the analysis for the requirements of the P3 evaluation panel members in
Question 6 can be found in Table 4.7. Respondents ranked DB experience and Financial and
commercial advisors the same. Responses were significantly different in score between rank 5th
. Figure 4.6
shows all factors in descending order.
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Table 4.7. The ranking of the P3
Requirements for the evaluation panel to assess the
proposed project as a potential PPP project

RII

Rank

1

DB experience

0.76

1

2

Financial and commercial advisors

0.75

2

3

Policy advisors

0.45

8

4

Legal advisors

0.76

1

5

Technical advisors

0.63

4

6

Expertise in risk assessment

0.59

5

7

Expertise in VfM analysis

0.64

3

8

Managerial skills to oversee projects over the long-term

0.46

7

9

Establishing P3 units

0.34

10

10

Hiring external consultant advisors

0.52

6

11

Training internally for a sufficient in-house expertise

0.26

11

12

Experience in managing P3 projects

0.35

9

Q6

Figure 4.6

in the order of RII
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Common risks in P3 highway projects asked in Question 7 were ranked as Table 4.8.
,

were listed top of
were listed as the least important

risks. Figure 4.7 shows all common risks in descending order.

Table 4.8. The ranking of the
Q7

Common risks in PPP highway projects

RII

Rank

1

Regulatory risk

0.61

5

2

Demand, revenue streams and traffic projections

0.74

1

3

Design risk

0.71

3

4

Construction risk

0.73

2

5

Commissioning risk

0.40

11

6

Operation risk

0.50

7

7

Maintenance risk

0.46

9

8

Environmental risk

0.54

6

9

Financing risk

0.61

4

10

Geotechnical risk

0.47

8

11

Change in legal framework risk

0.41

10

12

Force Majeure risk

0.34

12
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Figure 4.7 P3 common risks in the order of RII

The output of RII analysis for Question 8 about the required risks to provide incentives
and rewards to a private sector is in Table 4.9. The top-ranked risk was Construction
results showed that the second-

-

were not significantly different in the score. Third-party risk is placed far from the rest of
the risks. Figure 4.8 shows all common risks in descending order.

Table 4.9. The ranking of the required risks to provide incentives to a private sector
Risks needed to provide appropriate incentives/greater rewards to
the concessionaire/private party (Transferred/Shared/Retained)

RII

Rank

1

ROW (Right of Way) risk

0.53

5

2

Traffic demand risk

0.68

3

3

Environmental risk

0.60

4

4

Toll revenues risk

0.68

2

5

Third-party risk

0.36

9

Q8
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6

Change in law risk

0.44

8

7

Construction risk

0.73

1

8

Operation risk

0.50

6

9

Maintenance risk

0.46

7

Figure 4.8. Required risks as incentives to a private sector in the order of RII

Requirements for the involved staff in a P3 highway project for Question 9 were ranked
as Table 4.10

Technical expertise

commercial background

was ranked, top of the list followed by

Financial background

Legal &

with a negligible difference in their
Figure 4.9 shows all

common risks in descending order.
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Table 4.10. The ranking of the requirements for the P3 staff
Q9

Requirements and elements regarding the involved staff in PPPs

RII

Rank

1

Staff should be familiar with DB and have experience

0.68

4

2

Technical expertise

0.77

1

3

Financial background

0.70

3

4

Legal & commercial background

0.71

2

5

Insurance background

0.24

10

6

Project Management

0.62

5

7

Outsourcing and external consultant advisors

0.61

6

8

Developing internal capacity by training

0.40

8

9

Inter-departmental committees

0.46

7

10

State P3 units

0.37

9

Figure 4.9 Requirements for the P3 staff in the order of RII
The results of RII analysis for Question 10 can be found in Table 4.11 as the required
specializations for possible P3 units.

Technical

requirements.

Engineering

Legal
th)
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and

th).

Figure 4.10 shows all common risks in descending

order.

Table 4.11. The ranking of the required specializations in P3 units
Q10 Specializations to be involved in P3

RII

Rank

1

Technical

0.71

1

2

Engineering

0.68

2

3

Insurance

0.30

12

4

Quality control

0.55

8

5

Legal

0.65

3

6

Commercial

0.58

6

7

Economics and finance

0.57

7

8

Regulation

0.39

11

9

Procurement

0.59

5

10

Communications / training

0.46

9

11

Oversight / overseeing the management

0.60

4

12

Policy expertise

0.43

10
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Figure 4.10 Required specializations in P3 units in the order of RII

4.1.2.2 Finance and Funding

delivering a project through a P3 arrangement. The outcome of the RII analysis for Question 3 is
presented in Table 4.12 and Figure 4.11.

Table 4.12.
The source of funding has impact on
delivering PPP project successfully

RII

Rank

1

Strongly Agree

0.16

3

2

Agree

0.53

1

3

Neutral

0.21

2

4

Disagree

0.11

4

5

Strongly Disagree

0.00

5

Q11

88

Figure 4.11 Number of respondents for each level of agreement on
impact on a successful delivery
The outcome of the RII analysis for Question 12 regarding funding and finance resources
needed for a successful P3 delivery has been presented in Table 4.13. The results showed that
. The
first four resources are significantly different in scores from the rest of the list. Some respondents

Equity, and PAB Figure 4.12 shows all factors in descending order.

Table 4.13. The ranking of the required finance and funding resources for a successful P3
Type of funding and financing resources
needed for a successful PPP

RII

Rank

1

TIFIA (debt held by State)

0.54

6

2

TIFIA (debt held by a Developer)

0.87

1

3

Tax, fees

0.42

7

4

PAB

0.67

3

5

Debt

0.56

4

Q12
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6

Equity

0.75

2

7

Bonds (general obligation bonds (state

0.39

8

8

All the above

0.56

5

9

Other: Mainly TIFIA PABs Equity

0.25

9

Figure 4.12 Required finance and funding resources for a successful P3 in the order of RII
The RII results for Question 13 about TIFIA loans have been provided in Table 4.14
,
Other (not listed)

Figure 4.13 shows all benefits in

descending order.

Table 4.14. The ranking of the
Q13
1

types of terms beneficial to a P3 project

Types of terms in TIFIA loans could be beneficial to P3s

RII

Rank

Secured (direct) loan

0.84

1

90

2

Loan guarantee

0.68

3

3

Standby line of credit

0.57

4

4

Thoughtful senior debt positions

0.50

5

5

Repayment schedule

0.74

2

6

Other: -

0.17

6

Figure 4.13 TIFIA

in the order of RII

Table 4.15 shows the results of Question 14, which asked about the extent of investment

funding is available
O

ndents indicating

that three factors which have been ranked as 1 st (mentioned above), 2nd (mentioned above), and
y
descending order.
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Figure 4.14 shows all responses in

Table 4.15. The ranking of the suitable amount of investment by public & private sectors
How much do public and private sectors invest / lend to a
PPP project, while the goal is 100% by private

RII

Rank

1

Depending on how much public funding is available

0.95

1

2

Depending on market readiness to accept the financial risk

0.89

2

3

Depending on the stability of governmental policy

0.76

4

4

100% private

0.77

3

5

10% public

90% private

0.65

5

6

20% public

80% private

0.60

6

7

30% public

70% private

0.52

7

8

40% public

60% private

0.47

8

9

Equal

0.36

10

10

60% public

40% private

0.41

9

11

70% public

30% private

0.22

12

12

80% public

20% private

0.15

13

13

Other-The first 3 options while the goal is 100% by

0.27

11

Q14
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Figure 4.14 Required amount of investment by sectors in the order of RII
4.1.2.3 Document Preparation
Respondents were asked to rank the required areas and clauses playing a role in P3
contracts. As can be seen in Table 4.16, w
the sixth area.

ownership

placed at the bottom of the list. Figure 4.15

shows all responses in descending order.

Table 4.16. The ranking of the required areas and contract clauses in the P3 contracts
Q15 Areas/contract clauses that should be included in PPP contracts
1

RII

Rank

0.89

1

2

Commercial

0.76

3

3

Legal

0.85

2

4

Monitoring

0.66

6

5

Payment mechanisms

0.70

4

6

Penalties/ fines

0.67

5

7

Adjustment mechanisms

0.44

11

8

Dispute resolution mechanisms

0.62

7

0.49

10

0.35

13

0.58

9

0.60

8

9
10

Pricing of services to the public

11
12

Financing issues
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13

Requirements relating to property acquisition

0.33

14

14

Environmental issues

0.44

10

15

Changes in ownership

0.28

16

16

Insurance

0.22

18

17

Termination

0.25

17

18

Closeout

0.32

15

Figure 4.15 Required areas and contract clauses in P3s in the order of RII

In Question 16, respondents were asked to rank the main roles and responsibilities of the
federal government and states. The results shown in Table 4.17 revealed
top ranked with a significant difference from the

The least score was f

g to assist with the development of technical.

Figure 4.16 shows all responses in descending order.
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Table 4.17. The ranking of the main roles of the government and/or state in this phase
The main roles that federal government and/or states should be
responsible for in document preparation phase

RII

Rank

1

Economic Analysis

0.80

2

2

Contract management

0.82

1

3

Monitoring and oversight of the private partner

0.69

3

4

Effectiveness of quality service for asset end-users

0.48

6

5

Efficient use of public resource

0.45

7

6

Suggesting supportive legislation at the state/federal levels

0.59

4

7

Establishing trainings to assist with the development of technical

0.34

10

8

Standardizing PPP practices to avoid diversity and ambiguity

0.49

5

9

Educating stakeholders about the risks and benefits of P3

0.41

9

10

Honesty and transparency regarding the real risks and costs

0.43

8

Q16

Figure 4.16 Main roles of the government and/or state in the order of RII
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The most important thing to foster with elected leadership in regard to P3 enabling
legislation was asked in Question 17. Table 4.18 shows the obtained ranking. Among all,
.
Figure 4.17 shows all responses in descending order.

Table 4.18. The ranking of the most important factors fostered in P3 enabling legislation
The most important things to foster with elected
Q17 leadership in regard to P3 enabling legislation

Total

Rank

1

Good relationship

72

1

2

Inform DOT staff regarding the tradeoffs

65

2

3

Legal expertise

61

3

4

Knowledge of other states' P3 enabling

42

5

5

Lessons learned from other states' performance
under their legislation

45

4

Figure 4.17 Requirements of leadership in regard to P3 enabling legislation in the order of RII
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The results of RII analysis for the most important factors in creating a legal framework
for P3s is shown in Table 4.19. The first top three factors are significantly more important than
the rest of the factors, namely

Figure 4.18 shows all responses in
descending order.

Table 4.19. The ranking of the key factors in creating a legal P3 framework
Q18 The important factors to create a legal framework for PPPs

RII

Rank

1

Types of P3 agreements allowed

0.90

2

2

Authority to enter P3

0.96

1

3

Authority to approve/review

0.84

3

4

Types of facilities allowed

0.68

4

5

Types of financing/ allowed

0.67

5

6

Types of procure allowed

0.61

8

7

Whether unsolicited proposals

0.51

9

8

Criteria to evaluate potential P3s

0.63

6

9

Criteria to select bidder

0.49

10

10

Length of contract term

0.38

12

11

Toll rates mechanisms

0.45

11

12

Allocation of risks

0.62

7

13

Revenue sharing

0.31

14

14

Buy back provisions

0.27

15
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15

Refinancing provisions

0.32

13

16

Labor union issues

0.21

16

17

Tradeoff in "loss of control" & risk transfer

0.21

16

Figure 4.18 Important factors in creating a legal P3 framework in the order of RII

Respondents were asked to address the main issues that need to be considered in payment
mechanisms in P3s by ranking the given list. As Table 4.20 shows,
(government p

of the list and the last place was

monitors and oversees payment mechanism

Figure 4.19 shows all responses in descending

order.
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Table 4.20. The ranking of the main issues to be considered in P3 payment mechanisms
Q19

The main issues in PPP payment mechanisms

RII

Rank

1

The approach to tariff setting and adjustment (user charges)

0.59

4

2

Risk allocation and how tariffs are allowed to change, what
and who can trigger a tariff revision (user charges)

0.63

3

3

Usage-based (government payments)

0.72

2

4

Based on availability (government payments)

0.80

1

5

Upfront subsidies based on achieving certain milestones

0.43

5

6

Bonuses and penalties, or fines

0.42

6

7

Who monitors and oversees payment mechanism

0.37

7

Figure 4.19 Main issues in P3 payment mechanisms in the order of RII

In the other question, individuals were asked to express their point of view on the given

al
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most of the

respondents agree with the limitations. The outcome of the RII analysis for Question 3 is
presented in Table 4.21 and Figure 4.20.

Table 4.21. Viewpoint on limited allowed profit of private parties
If the revenues collected by the private party
Q20 exceed what is expected, there are mechanisms
to limit this profit, e.g. sharing surplus revenues

RII

Rank

1

Strongly Agree

0.47

1

2

Agree

0.37

2

3

Neutral

0.11

3

4

Disagree

0.00

4

5

Strongly Disagree

0.00

4

Figure 4.20 Number of respondents for each level of agreement on limited allowed profit of
private parties
Question 21 inquired about the necessity of considering incentives similar to
disincentives. Although one disagreed and three were neutral, the majority believed in rewards
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for superior performance. The outcome of the RII analysis is presented in Table 4.22 and Figure
4.21.

Table 4.22. Viewpoint on necessity of including incentives same as disincentives
Project incentives (rewards for superior performance)
are as necessary as disincentives in PPP contracts

RII

Rank

1

Strongly Agree

0.32

2

2

Agree

0.37

1

3

Neutral

0.21

3

4

Disagree

0.05

4

5

Strongly Disagree

0.00

5

Q21

Figure 4.21 Number of respondents for each level of agreement on necessity of including
incentives same as disincentives
In another question, participants were asked whether they agreed with the statement that
penalties and disincentives are not defined for DOTs. The

while

agreement and disagreement obtained equal supporters. In other words, it can be interpreted that
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overall there was no specific tendency toward this phrase. Table 4.23 and Figure 4.22 present the
outcome of the RII analysis for Question 22.

Table 4.23. Viewpoint on no penalties for DOTs
Q22

There is no disincentives/penalties for the state DOTs

RII

Rank

1

Strongly Agree

0.00

4

2

Agree

0.26

2

3

Neutral

0.37

1

4

Disagree

0.26

2

5

Strongly Disagree

0.00

4

Figure 4.22 Number of respondents for each level of agreement on no penalties for DOTs

received the highest scores. Table 4.24 and Figure 4.23 present the outcome of the RII analysis
for Question 23.
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Table 4.24. The ranking of the required types of penalties
Q23

Types of penalties that should be used

Total

RII

Rank

1

Payment reductions or retentions

93

0.82

2

2

Default points

95

0.83

1

3

Increased oversight

81

0.71

3

4

Suspension of work

72

0.63

4

5

Termination of the contract

38

0.33

5

6

Other -NA

19

0.17

6

Figure 4.23 Required penalties to be considered in the P3 contracts in the order of RII

Being asked about appropriate types of insurance, respondents kept the same order of the
given types and added no further option. Table 4.25 and Figure 4.24 present the outcome of the
RII analysis for Question 23.
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Table 4.25. The ranking of the required types of insurance
Q24

Types of insurance that is appropriate in PPPs

RII

Rank

1

Performance bonds

0.83

1

2

General liability and Construction Liability

0.74

2

3

Owner controlled insurances

0.68

3

4

Other (not listed above): -

0.25

4

Figure 4.24 Required types of insurance in the order of RII

When asking about whether it is correct that adjustment mechanisms do not limit public
agencies to make changes, respondents mainly adopted a neutral position, however, a few
agreed. Table 4.26 and Figure 4.25 present the outcome of the RII analysis for Question 25.

Table 4.26. Viewpoint on adjustment mechanisms for public vs. private sectors
Q25

limiting public sector to make changes despite private sector

104

RII

Rank

1

Strongly Agree

0.00

3

2

Agree

0.21

2

3

Neutral

0.68

1

4

Disagree

0.00

3

5

Strongly Disagree

0.00

3

Figure 4.25 Number of respondents for each level of agreement on no adjustment

In dispute resolution
however, the difference is
not significant.

ced 3rd in

the list (Table 4.27). Figure 4.26 shows all responses in descending order for Question 26.

Table 4.27. The ranking of the main mechanisms for dispute resolution
Q26
1

What should be performed for dispute resolution

RII

Rank

Regular inspections by DOTs

0.85

1
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2

Ensuring a standing Dispute Resolution Board during the

0.57

5

3

Establishing a permanent independent dispute resolution office

0.71

3

4

Defining systems of problem identification & resolution

0.84

2

5

Including alternative dispute resolution processes

0.62

4

6

Replacing parties to the agreement

0.39

6

7

Resolving in courts

0.24

7

8

Agreement termination

0.21

8

Figure 4.26 Main mechanisms for dispute resolution in the order of RII

As it can be seen in Table 4.28 and Figure 4.27 main types of contract to be used in P3
highway projects remained the same as it was given in Question 27. All respondents supported

106

Table 4.28. The ranking of the main contract types in P3 highway projects
What types of contract should be
used? Lump sum, unit price, GMP

RII

Rank

1

Lump sum

0.99

1

2

GMP

0.82

2

3

Unit price

0.64

3

4

No difference

0.46

4

5

Other (not listed above): -

0.28

5

Q27

Figure 4.27 Main contract types in P3 highway projects in the order of RII

4.1.2.4 Procurement
For Question 28, individuals ranked key issues necessary to be considered in
procurement in a way that except the bottom of the list, the difference in the given score is not
considerable. According to Table 4.29 and Figure 4.28 the top 5 issues, particularly the first
three, are in

,
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,

of a supporting legislative environment in some states,

, and

of support from government offices.

Table 4.29. The ranking of the key issues in P3 procurement
Key issues in conducting PPP procurement after identifying a
potential PPP project

RII

Rank

1

Lack of experience of the proposer

0.71

2

2

Lack of expertise

0.72

1

3

Lack of appropriate staff

0.69

4

4

Lack of support from government offices

0.65

5

5

Lack of supporting legislative environment in some states

0.71

3

6

Lack of political support

0.60

6

7

High transaction costs

0.58

8

8

Deal of ambiguity and confusion

0.55

9

9

Lack of financial capability of the concessionaire

0.59

7

10

Establishment of Evaluation Committees & Enlisting qualified

0.39

11

11

Lack a transition plan from procurement to contract

0.31

15

12

Appropriate measures so that public interest is served when

0.44

10

13

Enabling public sector to learn about the details of P3

0.35

12

14

Conducting a performance review

0.35

13

15

Monitoring & appropriate project oversight during

0.33

14

Q28
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Figure 4.28 Key issues in P3 procurement in the order of RII

In another question, respondents were asked about what public sectors are required to do
for a qualifies, transparent, and fair competition. Among the fifteen alternatives shown in Table
4.30,
higher score.
placed 2nd in the list. Figure 4.29 shows all responses in descending order for Question 29.

Table 4.30. Ranking of the
Q29 Public agencies need to ensure a qualified fair transparent competition by

RII

Rank

1

Understanding confidentiality

0.71

2

2

A full disclosure of current and proposed standards

0.85

1

3

A full disclosure of Toll policy

0.71

2

4

A full disclosure of Use of toll revenue for other investments

0.62

4
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5

A full disclosure of any potential limitations in making infrastructure

0.66

3

6

A full disclosure of transaction costs incurred by the public sector

0.45

8

7

Post award disclosures of evaluation documents

0.28

10

8

Predefined and shared scoring procedures prior to RFP

0.57

6

9

Sufficiently trained evaluators

0.46

7

10

Best value selection approach to assure project quality

0.61

5

11

Early involvement of internal audit staff and financial experts in the
tendering process

0.32

9

12

Conducting audits throughout life cycle

0.22

11

Figure 4.29

in order of RII

In ranking developer selection,
Respondents gave almost the
for a proposal to pass the assessment rating,

Table 4.31 and Figure 4.30.
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Table 4.31. The ranking of the most common bid processes in selecting a developer
Q30

The most common bid processes to select a developer

RII

Rank

1

Best Value

1.00

1

2

Establishing a minimum level for a proposal to pass

0.62

3

3

Low Bid Approach

0.63

2

4

Other

0.25

4

Figure 4.30 Common bid processes to select a developer in the order of RII

While most of the participants remained Neutral toward the fact that if the current
procurement laws do limit procuring P3s, the rest showed disagreement, while some agreed.
Thus, in this question, as mentioned before, ICC was the lowest, and confidence intervals formed
the broadest range, highlighting the variety in responses for Question 31. Table 4.32 and Figure
4.31 present the outcome of the RII analysis.
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Table 4.32. Viewpoint on the existing procurement laws and their associated limitations
The existing procurement laws limit
Q31 agencies to procure the PPP projects

RII

Rank

1

Strongly Agree

0.11

4

2

Agree

0.16

3

3

Neutral

0.42

1

4

Disagree

0.21

2

5

Strongly Disagree

0.05

5

Figure 4.31 Number of respondents for each level of agreement on the existing
procurement laws and the associated limitations

4.1.2.5 Implementation
Being asked about the main principles to be considered in implementation, respondents

the private entity with the long-term maintenance requirement drives the project,
Table 4.33. Figure 4.32 shows all responses in descending order for Question 32.

112

shown in

Table 4.33. The ranking of the main principles in P3 implementation
Q32

The main principles in PPP project implementation

RII

Rank

1

PPP feasibility analysis and project development

0.81

1

2

PPP procurement

0.58

4

3

PPP monitoring and oversight

0.64

3

long-term maintenance requirement drives the project

0.77

2

Other: -

0.20

5

4
5

Figure 4.32 Main principles in implementing P3 in the order of RII

Question 33

nt of view on design management and the

fact that if it is similar to that in DBs and the difference is merely in the responsible party. Except
for one disagreement, all agreed. Table 4.34 and Figure 4.33 present the outcome of the RII
analysis.
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Table 4.34. Viewpoint on the
The design management of PPP is similar to DB except
the fact that the responsible party is the developer

RII

Rank

1

Strongly Agree

0.26

2

2

Agree

0.58

1

3

Neutral

0.00

4

4

Disagree

0.05

3

5

Strongly Disagree

0.00

4

Q33

Figure 4.33 Number of respondents for each level of agreement on the similarity between
P3 and DB in design management

In another question, the main issues required to consider in contract management were
asked. As shown is Table 4.35,
was ranked 1st

listed after it.
. Respondents did not
Figure 4.34 shows all responses

in descending order.
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Table 4.35. The ranking of the key issues to be considered in P3 contract management
Q34 Key issues in PPP contract management

RII

Rank

1

DOTs need to learn how to establish performance
standards rather than construction specifications

0.74

1

2

DOTs are responsible for contract management and
oversight of the private partner

0.66

3

3

Understanding financing considerations

0.50

6

4

Understanding the minimum requirements of the contract

0.73

2

5

Acquiring & developing new roles and skills

0.56

5

6

Key personnel involved in the procurement should remain
involved through financial close & contract management

0.64

4

7

Other

0.14

7

Figure 4.34 Key issues to be considered in P3 contract management in the order of RII

Responsibilities of the public sector for performance management formed Question 35.
According to Table 4.36, the results showed that the public sector is primarily responsible for
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Figure 4.35 shows all responses in descending order.

Table 4.36. The ranking of responsibilities of public sector for performance management
Q35

Performance management responsibilities of public sector

RII

Rank

1

Defining performance measures & standards

0.78

2

2

Monitoring performance

0.81

1

3

Assessing performance payments & penalties

0.65

3

4

Designing & managing dispute resolution processes

0.59

4

5

Managing handback of the facility

0.49

6

6

Documenting institutional knowledge & processes to
maintain capabilities over time

0.56

5

7

Other: -

0.14

7

Figure 4.35 Main responsibilities of the public sector for performance management in
order
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In an
performance monitoring. As shown in Table 4.37, at the top of the list with considerable
di

rsight role

mutually. All responses in descending order can be found in Figure 4.36.

Table 4.37. Ranking of the public sector

for performance monitoring

Q36

RII

Rank

1

An oversight role and monitoring the performance of the
concessionaire

0.82

2

2

Self-reporting procedures

0.58

4

3

Conducting regular meetings

0.60

3

0.95

1

4
5

Reviewing plans, procedures, status reports

0.60

3

6

Assessing penalties and awards

0.32

6

7

Other: -

0.14

7
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Figure 4.36 Main responsibilities of the public sector for performance monitoring in the
order of RII

Regarding the private

or performance monitoring, responses

received close scores ranged between 60 and 72 (Table 4.38)

-

recognized as the main responsibility. All responses in descending order are shown in Figure
4.37.

Table 4.38. The ranking of responsibilities of private sector for performance monitoring
Q37

PPP performance monitoring responsibilities of concessionaire

RII

Rank

1

Developing management plans & procedures

0.74

2

2

Collecting monitoring data

0.67

3

3

Developing status reports

0.63

4

4

Self-reporting violations

0.76

1

5

Other

0.20

5
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Figure 4.37 Ranking of responsibilities of the private sector for performance monitoring
in the order of RII

Questions about performance monitoring
responsibilities in Question 38. The given order remained the same (Table 4.39). However, there
was

.

Figure 3.38 shows responses in the descending order of RII.

Table 4.39. The ranking of the third-party
Q38

for performance monitoring

PPP performance monitoring responsibilities of third party

RII

Rank

1

Perform independent audits & inspections

0.89

1

2

Data collection

0.86

2

3

Resolving disputes

0.50

3

4

Other

0.25

4
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Figure 4.38 Ranking of responsibilities of the third-party for performance monitoring in
the order of RII

Similarly, Question 39 asked about performance monitoring

responsibilities of the

shared party. Respondents did not change the third option and the only difference in answers was
regarding the first two alternatives (Table 4.40),

was prioritized

however, the difference was insignificant. Figure
4.39 shows responses in descending order.

Table 4.40. The ranking of the shared party
Q39

responsibilities for performance monitoring

PPP performance monitoring responsibilities of shared party

RII

Rank

1

Daily communication & problem solving

0.87

2

2

Conducting regular meetings

0.88

1

3

Completing annual performance reviews

0.50

3

4

Other

0.25

4
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Figure 4.39 Responsibilities of shared party for performance monitoring in order of RII

In the other question, participants were asked to share their viewpoint on a statement
indicating that in order to maximize operation and maintenance phases should be included in the
P3 project. A few were neutral probably due to their experience it depends on the case, but most
confirmed it. Table 4.41 and Figure 4.40 present the outcome of the RII analysis.

Table 4.41. Viewpoint on including O&M to obtain higher benefits
Operation as well as maintenance phase should
be included in PPP project to maximize benefits

RII

Rank

1

Strongly Agree

0.21

2

2

Agree

0.53

1

3

Neutral

0.16

3

4

Disagree

0.00

4

5

Strongly Disagree

0.00

4

Q40
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Figure 4.40 Number of respondents for each level of agreement on including O&M to
obtain higher benefits

The suitable length of operation and maintenance period (concession period) was asked
(applicable to DBFOM in the sample). 35-40 years got the highest score, then approximately 50
years, and the third place was assigned to 30-35 years, which is the optimal concession length in
European countries (Stambrook 2005). Table 4.42 and Figure 4.41 present the outcome of the
RII analysis.

Table 4.42. Viewpoint on the length of the O&M period (if applicable)
Q41

If a PPP project includes O&M, the length of this period should be

RII

Rank

1

21-35 years

0.64

4

2

30-35 years

0.70

3

3

35-40 years

0.75

1

4

~ 50 years

0.74

2

5

50-99 years

0.52

5
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6

Other

0.17

6

Figure 4.41 Viewpoint on the length of the O&M period (if applicable) in the order of RII

Question 42, as the last ranking type question, was assigned to the factors considered in
the project handover or closeout phase (Table 4.43
and condition of each element of the project during the
were listed before

and maintenance at
investments in the project at the optimum

-cycle
Figure 4.42 shows responses in descending order of

relative importance.
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Table 4.43. The ranking of the required factors in closeout phase
Q42

Factors that should be considered in project handover / closeout phase

RII

Rank

1

Rights and obligations of the department

0.71

2

2

Rights and obligations of the developer

0.59

4

3

Maintenance and condition of each element of the project during
handover period

0.85

1

of the Project lifecycle (Life-Cycle Maintenance Plan)

0.53

5

5

Incentivizing the developer to make life-cycle investments in the
project at the optimum time

0.53

5

6

No need for an immediate and extensive life-cycle maintenance after
handover

0.63

3

7

Other

0.14

6

4

Figure 4.42 Factors to be considered in the closeout phase in the order of RII
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The questionnaire survey ended with Question 43 regarding environmental permitting.
Individuals were asked whether P3 highway projects are similar to DBs with respect to
environmental permitting, which was confirmed strongly by the involved respondents, shown in
Table 4.44 and Figure.

Table 4.44. Viewpoint on

environmental permitting

Environmental Permitting in PPP
projects is the same as DB projects

RII

Rank

1

Strongly Agree

0.21

2

2

Agree

0.63

1

3

Neutral

0.11

3

4

Disagree

0.00

4

5

Strongly Disagree

0.00

4

Q43

Figure 4.43 Number of respondents for each level of agreement on the similarity between
environmental permitting in P3 and DB
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4.1.3 Framework of P3 Highway Contracts
In general, for ordinal data, setting the median is more suitable than mean. For all fortythree questions top-ranked answers with a score above the Median were considered in
developing a framework to implement P3 contracts for highway projects in the US presented in
Figure 4.44, in APPENDIX H. It is clear that for those questions with a limited number of
answers, all options were included with respect to their order.
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4.2 Project Performance
This section is followed by two main sub-sections: First, descriptive statistics of output,
second, comparison analyses. Descriptive statistics consists of two main analyses including, cost
performance and schedule performance, each presented for (a) all collected projects, (b) projects
limit. In the second sub-section, with the application of statistical
tests, P3 and DB delivery methods are compared in the categories (a) and (b), as well as (c)
oldest DB projects with respect to cost and schedule metrics. As it was indicated in the previous
chapter and data collection section, all mentioned limitations led to searching and finding on-line
cost and schedule data accessible to the public besides studying a handful of documents received
from a few DOTs. Considering the available data presented in the previous chapter, project
performance analysis and subsequently comparison analysis have been carried out based on
Total Cost Growth, Total Schedule Growth, and Construction Intensity.
4.2.1

Descriptive Statistics (Input)
The collected data were analyzed for descriptive statistics according to each scenario as

follows. Considering the first scenario (Table 4.45), from the analysis of project cost data,
presented in Table 4.45
sample of the first scenario was $381.91 million. P3 contracts had a higher average cost, $922.95
million, and a median cost of $745.85 million. For DB contracts, the average and median costs
were $236.75 million and $126.43 million, respectively.
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Table 4.45. Final Completion Cost ($M) (1)
Mean

Median

Minimum

Maximum

P3

922.95

745.85

50

2645

DB

236.75

126.43

48.2

1065.94

Total

381.91

157.50

48.2

2645

all projects is shown in Figure 4.45 and Figure 4.46, respectively.

Figure 4.45 Average Final Completion Cost by project delivery method (1)
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Figure 4.46 Median Final Completion Cost by project delivery method (1)

The analysis of project cost data shown in Table 4.46 revealed that the average
was $932.98 million and $173.5
million, respectively. The average cost of the entire sample was $289.53 million. The median
cost of P3 was found almost eight times of
the total sample is shown in Figure 4.47 and Figure 4.48,
respectively.

Table 4.46. Estimated Completion Cost ($M) (1)
Mean

Median

Minimum

Maximum

P3

932.98

767.40

50

2700

DB

173.5

76.94

26.19

1097.34

Total

289.53

86.93

50

2700
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Figure 4.47 Average Estimated Completion Cost by project delivery method (1)

Figure 4.48 Median Estimated Completion Cost by project delivery method (1)
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Being presented in Table 4.47

831 days

for P3 and 1027 for DB, while for the whole sample, it was 997 days. The analysis shows that
despite P3 projects being higher in cost, they had less design and construction duration in
comparison to the DB projects.

Table 4.47. Final Completion Duration (day) (1)
Mean

Median

Minimum

Maximum

P3

831

812

218

1305

DB

1027

948

196

2546

Total

997

921

196

2546

Figure 4.4
delivery methods for the entire sample.
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Figure 4.49 Average Final Completion Duration by project delivery method (1)

856 and 1044 working days, respectively (Table 4.48). The entire data sample obtained an
working days.
Table 4.48. Estimated Completion Duration (day) (1)
Mean

Median

Minimum

Maximum

P3

856

908

232

1370

DB

1044

1001

308

2546

Total

1015

960

232

2546

Figure 4.5
sample.
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Figure 4.50 Average Estimated Completion Duration by project delivery method (1)

Similar to the first scenario, the second scenario with projects above $50M was analyzed
with regard to descriptive statistics. From the analysis of project cost data (Table 4.49), it was
922.95
million and $236.75 million, respectively. The average cost of the entire sample was $381.91
million.

Table 4.49. Final Completion Cost ($M) (2)
Mean

Median

Minimum

Maximum

P3

922.95

745.85

50

2645

DB

236.75

126.43

48.2

1065.94

Total

381.91

157.50

48.2

2645

is
shown in Figure 4.51 and Figure 4.52, respectively.
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Figure 4.51 Average Final Completion Cost by project delivery method (2)

Figure 4.52 Median Final Completion Cost by project delivery method (2)

As it is shown in Table 4.50
of the P3 and the DB contracts were $932.98 million and $240.56 million, respectively. The
entire sample had an average of $387.04 million. The data analysis shows that the median cost of
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DB, and total sample is shown in Figure 4.53 and Figure 4.54.

Table 4.50. Estimated Project Cost ($M) (2)
Mean

Median

Minimum

Maximum

P3

932.98

767.40

50.00

2700.00

DB

240.56

121.53

50.67

1097.34

Total

387.04

158.73

50.00

2700.00

Figure 4.53 Average Estimated Completion Cost by project delivery method (2)
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(b)
Figure 4.54 Median Estimated Completion Cost by project delivery method (2)

831
and 1072 working days, respectively (Table 4.51). The analysis shows that despite DB projects
being higher in cost, they had less design and construction duration in comparison to the DBB

sample was 1021 working days. Figure 4.5
with respect to project delivery methods for the entire sample.

Table 4.51. Final Completion Duration (day) (2)

P3

Mean

Median

Minimum

Maximum

831

812

218

1305

136

DB

1072

957

196

2546

Total

1021

934

196

2546

Figure 4.55 Average Final Completion Duration by project delivery method (2)

856 days for P3 and 1089 days for
DB highway contracts (Table 4.52). The average Estimated Completion Duration for the entire
sample was 1039 working days. Figure 4.5
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Table 4.52. Estimated Project Duration (day) (2)
Mean

Median

Minimum

Maximum

P3

856

908

232

1370

DB

1089

1022

350

2546

Total

1039

984

232

2546

Figure 4.56 Average Estimated Completion Duration by project delivery method (2)

Finally, the last scenario (3), including only the oldest DB projects was taken into
account. The analysis of project cost data (Table 4.53
922.95 million and $228.28 million, respectively. The

average cost of the entire sample was $553.44 million.
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Table 4.53. Final Completion Cost ($M) (3)
Mean

Median

Minimum

Maximum

P3

922.95

745.85

50.00

2645.00

DB

228.28

199.00

28.50

840.00

Total

553.44

238.44

28.50

2645.00

Figure 4.57 and Figure 4.5
the P3, DB, and total sample.

Figure 4.57 Average Final Completion Cost by project delivery method (3)

139

Figure 4.58 Median Final Completion Cost by project delivery method (3)

The analysis of project cost data (Table 4.54
$932.98 million, almost four times of that for DB
contracts. The average cost of the entire sample was $558.1
the P3 sample was $2700 million, while the minimum belonged to
the DB sample found as $26.2 million.

Table 4.54. Estimated Completion Cost ($M) (3)
Mean

Median

Minimum

Maximum

P3

932.98

767.40

50

2700

DB

228.27

182.89

26.2

840

Total

558.13

235.00

26.2

2700
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Figure 4.59 and Figure 4.6
of the P3, DB, and total sample.

Figure 4.59 Average Estimated Completion Cost by project delivery method (3)

Figure 4.60 Median Estimated Completion Cost by project delivery method (3)
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31 working days lower than DB
726 working days. The entire sample of large projects received an
775 working days (Table 4.55). The shortest and
longest durations were from the DB and P3 project samples, respectively. Figure 4.61 shows the

Table 4.55. Final Completion Duration (day) (3)
Mean

Median

Minimum

Maximum

P3

831

812

218

1305

DB

726

653

196

1169

Total

775

783

196

1305

Figure 4.61 Average Final Completion Duration by project delivery method (3)
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highway contracts were 856 and 789 working days, respectively (Table 4.56). The data sample
revealed that the average of the entire sample had an average of 820 working days. Figure 4.62

Table 4.56 Estimated Completion Duration (day) (3)
Mean

Median

Minimum

Maximum

P3

856

908

232

1370

DB

789

715

400

1566

Total

820

772

232

1566

Figure 4.62 Average Estimated Completion Duration by project delivery method (3)
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4.2.2 Descriptive Statistics (Output)
First, performance metrics need to be defined in order to examine project performance in
each delivery approach.

4.2.2.1 Cost Performance
4.2.2.1.1

All Collected Projects

Considering all collected projects (22 P3and 122 DB highway projects), the analysis of
the

revealed that the mean and median for P3 were less than that of

DB to a considerable extent. This disparity between P3and DB is shown in Table 4.45, Figure
4.48, and Figure 4.49. Also, the total sample had close mean

.

The calculated and/or found data of the

are presented in

Appendices G and H.

Table 4.57. Total Cost Growth for P3 and DB (%) (1)
P3

DB

Total Sample

Mean

-0.44

0.03

-0.04

Median

-0.04

0.04

0.00

Minimum

-12.24

-28.00

-28.00

Maximum

7.25

30.38

30.38

Standard Dev.

3.77

7.34

6.91
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Figure 4.63 Median Total Cost Growth comparison between P3 and DB (1)

Figure 4.64 Mean Total Cost Growth comparison between P3 and DB (1)

4.2.2.1.2

Projects with more than $50M Cost

Taking the smallest P3 project ($50M) into account, a similar analysis was conducted on
22 P3 and 82 DB highway projects.

data revealed that in DB this term

became negative, highlighting saving cost, which is even higher than P3, in absolute value. The
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disparity between P3 and DB can be seen in the following Table 4.58, Figure 4.65, and Figure
4.66.

Table 4.58. Total Cost Growth for P3 and DB (%) (2)
P3

DB

Total Sample

Mean

-0.44

-0.62

-0.58

Median

-0.04

0.00

0.00

Minimum

-12.24

-28.00

-28.00

Maximum

7.25

30.38

30.38

Standard Dev.

3.77

8.04

7.33

Figure 4.65 Median Total Cost Growth comparison between P3 and DB (2)
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Figure 4.66 Mean Total Cost Growth comparison between P3 and DB (2)

4.2.2.1.3

The Oldest 25 DB Projects

Separating the oldest 25 projects of the DB sample, the same analysis was conducted on
22 P3 and 25

P3 is less than

the mean for DB. This term became positive in DB, highlighting more cost. This disparity
between P3 and DB is shown in Table 4.59, Figure 4.67, and Figure 4.68.

Table 4.59. Total Cost Growth for P3 and DB (%) (3)
P3

DB

Total Sample

Mean

-0.44

2.84

1.31

Median

-0.04

0.00

0.00

Minimum

-12.24

-21.43

-21.43

Maximum

7.25

30.38

30.38

Standard Dev.

3.77

9.60

7.57
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Figure 4.67 Median Total Cost Growth comparison between P3 and DB (3)

Figure 4.68 Mean Total Cost Growth comparison between P3 and DB (3)

In general, P3 showed a negative cost growth and, subsequently cost saving, while DB
presented positive cost growth in the first and third scenarios. However, after considering only
larger projects of the first scenario, which formed the second scenario (

), the DB

completion is not only under budget but also slig
Therefore, a better cost performance through P3 delivery was achieved in the entire samples (22
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P3 and 122 DB) as well as having the initial DB projects (22 P3 and 25 DB). Nonetheless, this
difference needs to be tested statistically to find out whether it is significant or not, which is
performed in the next section.

4.2.2.2 Schedule Performance
4.2.2.2.1

All Collected Projects

With all collected projects (sample 1), 22 P3 and 122 DB highway projects, the analysis
Schedule

indicated

however, DB had a higher absolute value (earlier completion). The medians for P3 and DB were
the same. The data calculation

Time

Schedule

are presented in

Appendices G and H. Table 4.60, Figure 4.69, and Figure 4.70 show the resultant disparity.

Table 4.60. Total Schedule Growth for P3 and DB (%) (1)
P3

DB

Total Sample

Mean

-0.67

-1.51

-1.38

Median

0.00

0.00

0.00

Minimum

-20.05

-62.41

-62.41

Maximum

40.00

109.03

109.03

Standard Dev.

12.32

21.20

20.06
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Figure 4.69 Median Total Schedule Growth comparison between P3 and DB

Figure 4.70 Mean Total Schedule Growth comparison between P3 and DB (1)

Construction

P3 was more than

four times the mean for DB, indicating faster work per day. All data are shown in Table 4.61 and
Figure 4.71.
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Table 4.61. Construction Intensity for P3 and DB ($M/day) (1)
P3

DB

Total Sample

Mean

0.93

0.20

0.31

Median

0.83

0.08

0.10

Minimum

0.00

0.02

0.00

Maximum

2.17

1.47

2.17

Standard Dev.

0.63

0.26

0.43

Figure 4.71 Mean Construction Intensity comparison between P3 and DB (1)

4.2.2.2.2

Projects with more than $50M

Taking into account the smallest P3 ($50M) project, a similar analysis was conducted on
22 P3

Schedule

that there was still a

higher mean for DB in regard to the absolute value. The achieved median is the same as before
(Figure 4.69). All obtained results are shown in Table 4.62 and Figure 4.72.
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Table 4.62. Total Schedule Growth for P3 and DB (%) (2)
P3

DB

Total Sample

Mean

-0.67

-1.55

-1.36

Median

0.00

0.00

0.00

Minimum

-20.05

-62.41

-62.41

Maximum

40.00

109.03

109.03

Standard Dev.

12.32

23.84

21.86

Figure 4.72 Mean Total Schedule Growth comparison between P3 and DB (2)

Construction

P3 is still greater

than the mean for DB (Table 4.63 and Figure 4.73).

Table 4.63. Construction Intensity for P3 and DB ($M/day) (2)

Mean

P3

DB

Total Sample

0.94

0.27

0.41
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Median

0.87

0.15

0.26

Minimum

0.00

0.03

0.00

Maximum

2.17

1.47

2.17

Standard Dev.

0.64

0.29

0.47

Figure 4.73 Mean Construction Intensity comparison between P3 and DB (2)

4.2.2.2.3

The Oldest 25 DB Projects

In this scenario, only the oldest highway projects were considered for the DB sample and
the same analysis was conducted on 22 P3 and 25
revealed that the mean for P3 is still lower than the mean for DB. Table 4.64, Figure 4.74, and
Figure 4.74 show this disparity.
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Table 4.64. Total Schedule Growth for P3 and DB (%) (3)
P3

DB

Total Sample

Mean

-0.67

-2.52

-1.66

Median

0.00

0.00

0.00

Minimum

-20.05

-41.01

-41.01

Maximum

40.00

46.01

46.01

Standard Dev.

12.32

14.29

13.29

Figure 4.74 Median Total Schedule Growth comparison between P3 and DB (3)
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Figure 4.75 Mean Total Schedule Growth comparison between P3 and DB (3)

Construction

P3 is still greater

than the mean for DB (Table 4.65 and Figure 4.76).

Table 4.65. Construction Intensity for P3 and DB ($M/day) (3)
P3

DB

Total Sample

Mean

0.94

0.31

0.61

Median

0.87

0.27

0.38

Minimum

0.00

0.04

0.00

Maximum

2.17

1.40

2.17

Standard Dev.

0.64

0.30

0.58

Figure 4.76 Mean Construction Intensity Comparison between P3 and DB (3)
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According to all schedule growth statistics, both P3 and DB showed negative schedule
growth.

a slight improvement comparing

projects above $25M (-1.51 percent) to projects above $50M (-1.55 percent) as well as to initial
projects. P3 placed after DB in earlier completion of all scenarios, considering the entire sample
(with 122 DB), applying a $50M size limit to the entire sample (82 DB), and excluding recent
DBs from the entire sample (25 DB). However, it is required to investigate through conducting
statistical comparison tests in order to determine whether such a difference is indeed significant
or not, which is explained in the next section. Similarly, P3 presented higher construction
intensity; nonetheless, this superiority needs to be tested as well.

4.2.3

Comparison Test
Although in the previous section differences between P3 and DB in terms of cost and

schedule performance were observed, it is required to address whether they were significant. As
it was mentioned in the Research Methodology, prior to performing any comparison test,
assumptions need to be checked. First, a normality test needs to be conducted through Skewness
and Kurtosis z-values, Shapiro-Wilk test, and visual inspections of the histograms, Normal Q-Q
plots, and Box Plots. Since normal distributions were not found in both P3 and DB
concerning all project performance metrics, the examination is provided once for the first
comparison test thoroughly in the following section and Appendix L presents the process and
results of all other categories. Then, equality of variance needs to be investigated through
for non-parametric samples. The

provided below once for the first

case of equal variances and once for the unequal variances. Appendix M presents how it was
conducted by creating new variables and the results of all other categories are shown. Therefore,
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are presented as follows, while testing
normality and equality of variances are included once and the rest could be found in the
mentioned Appendices. Also, a sample of conducting statistical tests is available in Appendix N.

4.2.3.1 All Collected Projects
4.2.3.1.1

Cost Performance

First, all 22 P3 and 122 DB highway projects were investigated in regard to

Cost

whether the numerical difference is statistically significant. The Skewness and
Kurtosis measures showed that the z-values are either below -1.96 or above +1.96 (Table 4.66).

Table 4.66. Normality measures for Total Cost Growth (1)
Sample
P3

DB

Normality Measure

Statistics

Std. Error

Skewness

-1.034

.491

Kurtosis

4.254

.953

Skewness

-.404

.219

Kurtosis

4.738

.435

In Shapiro-Wilk test, the null hypothesis for this test of normality states that the data are
normally distributed. Results showed p-values below 0.05 (Table 4.67), thus the null hypothesis
is rejected, and it could be assumed that the data are not normally distributed.
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Table 4.67. Normality test for Total Cost Growth (1)
Shapiro-Wilk
Sample

df

Sig.

P3

22

.010

DB

122

.000

Now, the graphical figures for P3 and DB data are considered. First, the histograms of
samples need to be inspected visually (Figure 4.77). The histograms should have the
approximate shape of a normal curve for both samples.

Figure 4.77 Histograms for Total Cost Growth (1)

The Normal Q-Q Plot is checked as well. The dots for both samples should lie along the
normal lines to indicate that the data are approximately normally distributed, which did not occur
here in Figure 4.78.
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Figure 4.78 Normal Q-Q plots for Total Cost Growth (1)

And finally, the box plots were inspected. They should not be perfectly, but
approximately symmetrical as much as possible, which is not the current case (Figure 4.79).

Figure 4.79 Box plots for Total Cost Growth (1a)
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Overall, it was concluded that the populations were not normally distributed, which
means either the
As shown in Table 4.68, since the p-value was above 0.05 (1.00), the null
hypothesis is not rejected, and equality of variance is concluded. Thus, the MWU test is the best
choice.

Table 4.68. Equality of variance test for Total Cost Growth (1)
ind_diff ANOVA

Between Groups
Within Groups
Total

Sum of
Squares
21303.31
16546.65
37849.96

df
110
33
143

Mean Square
193.67
501.41

F
.386

Sig.
1.000

After testing normality and equality of variance, the MWU-test was performed. MWU
results (Table 4.69) showed a P-value greater than 0.05 (0.294), which means that the null
hypothesis is not rejected highlighting that there is no significant difference between P3 and DB
highway projects with respect to Cost Growth.

Table 4.69. Test Statistics for Total Cost Growth (1)
CostGrowth
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

1153.000
1406.000
-1.050
.294
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4.2.3.1.2 Schedule Performance
The same sample, 22 P3 and 122 DB was tested in terms of
Since the data were not sufficiently normally distributed and since equality of variance was
concluded (Appendix M), MWU replaced the T-test for the comparison. Applying the MWU
revealed a p-value greater than 0.05 (0.764), which means that the null hypothesis is not rejected
(Table 4.70). Thus, it could be asserted that there is no significant difference between P3 and DB

Table 4.70. Test Statistics for Total Schedule Growth (1)
ScheduleGowth
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

1289.000
8792.000
-.300
.764

Another schedule-related performance metric was

The equality

of variance was explored which revealed a lower p-value than 0.05 (Table 4.71). This rejects the
null hypothesis of equal variances.

Table 4.71. Test Statistics for Construction Intensity (1)
ConstructionIntensity ANOVA
Sum of
Squares
Between Groups
10.428
Within Groups
16.608
Total
27.037

df
1
142
143
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Mean Square
10.428
.117

F
89.162

Sig.
.000

Therefore, the unequal variances t-

test, needs to be employed.

According to the results (Table 4.71 and Table 4.72), the P-value is below 0.05; thus, the null
hypothesis is rejected, and it could be asserted that the Construction Intensity of P3 and DB are
significantly different.

Table 4.72. Robust Tests of Equality of Means for Construction Intensity (1)
ConstructionIntensity
Statistica
df1
Welch
29.517
1
a. Asymptotically F distributed.

df2
22.268

Sig.
.000

4.2.3.2 Projects with more than $50M
4.2.3.2.1

Cost Performance

First, all 22 P3 and 82 DB highway projects were investigated in regard to
Growth. The equality of variance was examined and a p-valued below 0.05 was observed
(Table 4.73 and Table 4.74). Therefore, it was concluded that the variances are not equal, and
a comparison.

Table 4.73. Test Statistics for Total Cost Growth (2)
CostGrowth ANOVA

Between Groups
Within Groups
Total

Sum of
Squares
.594
5534.747
5535.340

df
1
102
103
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Mean Square
.594
54.262

F
.011

Sig.
.917

Table 4.74. Robust Tests of Equality of Means for Total Cost Growth (2)
CostGrowth ANOVA
Statistica

df1

df2

Welch
.024
1
74.706
a. Asymptotically F distributed.

4.2.3.2.2

Sig.
.878

Schedule Performance

The sample was tested in terms of

the data were not

sufficiently normally distributed and equality of variances was confirmed, MWU replaced the Ttest for the comparison.
Since the P-value is 0.548 (Table 4.75) not less than 0.05, the null hypothesis is not
rejected. Thus, due to the results of the Mann-Whitney test, no significant difference between the
schedule growth of these two project delivery methods was detected.

Table 4.75. Test Statistics for Total Schedule Growth (2)
ScheduleGrowth
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

866.000
4269.000
-.292
.770

Considering the other schedule-related metric,
normal like all the other samples, and the equality of variances was supported. Thus, the MWU
test was applied. The p-value, 0.00 (Table 4.76), is less than 0.05. Thus, the null hypothesis
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(equal medians) is rejected, which means that the construction intensity of P3 and DB methods
are significantly different.

Table 4.76. Test Statistics for Construction Intensity (2)
ConstructionIntensity
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

296.000
3699.000
-4.823
.000

4.2.3.3 The Oldest 25 DB Projects
4.2.3.3.1

Cost Performance

22 P3 and 25 DB highway projects were investigated regarding
The data were not sufficiently normally distributed, and the variances were not equal; therefore,
the MWU test was performed. Since the P-value was less than 0.05 (Table 4.77), the null
hypothesis is rejected. Thus, the cost growth of these two project delivery methods is
significantly different.

Table 4.77. Test Statistics for Total Cost Growth (3)
CostGowth
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

181.000
434.000
-2.017
.044
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4.2.3.3.2 Schedule Performance
The data were not sufficiently normally distributed, and the variances were equal. Thus,
MWU was performed. Since the P-value is not less than 0.05 (Table 4.78), the null hypothesis
(equal mean ranks) has not been rejected. It could be asserted that the difference between P3 and
is not significant.

Table 4.78. Test Statistics for Total Schedule Growth (3)
Schedule Gowth
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

Second,

235.000
560.000
-.864
.387

was examined. The distribution was as not normal and

the equality of variances was confirmed, which led to performing the MWU test. With a p-value
less than 0.05 (Table 4.79), the null hypothesis is rejected, indicating that there is a significant
difference in large P3 and DB highway projects in terms of construction intensity.

Table 4.79. Test Statistics for Construction Intensity (3)
ConstructionIntensity
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

108.000
433.000
-3.561
.000
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that in three cases there were significant differences between the project performance of P3 and
DB; in construction intensity in the second scenario (DB projects above $50M) and the third
scenario (the oldest DB) indicating faster work completion per day, and in cost growth in the
third scenario (the oldest DB projects) indicating the extent of completion under budget. In all
cases, P3 highway projects perform better than DB highway projects. However, in terms of
schedule growth indicating that to which extent the project completion is ahead of the estimation,
both types are advantageous, while

to DB, seen in the descriptive statistics, is

not significant.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

financing, this does not necessarily indicate that it is an entirely new development (Roman and
San Bernardino 2015). In fact, PPP was adopted in many countries as soon as it was introduced,
for instance, the UK in the early 1990s; however, this is not the case when it comes to the US,
which has been absolutely slow in the PPP or P3 market, and therefore,
its status (PWF 2015). Meanwhile, several efforts have been put
however, not all gaps have been filled. Some countries have already
established guidelines to help practitioners to apply P3 more effectively; however, what is found
ne size
This means that what works in one country may not work in another, besides
the fact that even findings in particular region as well as a sector within the same country cannot
be generalized or duplicated in other sectors and regions (Commonwealth Secretariat 2010). This
study aimed to fill such a gap. It focused on developing a framework for P3 contracts applied to
highway projects and outlined the key required factors to be considered in preparing, procuring,
and implementing P3 contracts.
Another area studied in this research was project performance. In theory, it has been
stated that P3s are capable of opening up opportunities, which can result in benefits in the cases
of efficacious management and implementation. However, in practice, there is no guaranty that
P3s outperform traditional procurement methods (Roman and San Bernardino 2015). According
, no single approach has been
proved to provide the best results and the P3 delivery method is no exception despite all efforts
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made thus far in some countries (Liyanage and Villalba-Romero 2015). The present study
defined a further objective in response to the other missing research area in P3 highway projects
and that is a quantitative assessment of the project performance of all P3 highway projects,
including the most recently completed ones. Moreover, this study addressed the question as to
whether the P3 or DB has been more advantageous to US highway projects through a
comparison analysis of highway projects delivered by P3 and DB, as one of the most dominant
PDMs. This was to determine through which delivery method greater time and cost benefits can
be achieved.
To develop a contract framework, a Delphi study was conducted with various state
DOTs. Through two rounds of the Delphi study, including 33 interview questions and 43
ranking-type questions with excellent and good consensus, key factors that need to be paid heed
were determined by 20 state DOT experts regarding five phases: project selection, finance and
funding, document preparation, procurement, and implementation. For instance, in the

the types of sources
that should be included

the document

preparation phase, the main roles of

and
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practices to avoid diversi

Considering the procurement phase, the main factors

playing a role in a fair, transparent procurement were determined. In the implementation phase,
main roles in performance management were listed. These Delphi findings can help
state DOTs and transportation agencies to successfully follow the viewpoints based on P3

Although differences were observed in descriptive statistics, whether these differences
were significant was addressed through
(normality and equality of variance). It was revealed that in two cases, there were significant
differences between the project performance of P3 and DB. One significant difference was
against DB projects above $50M, regarding construction intensity, indicating the higher speed of
work completed per day. A similar significant difference was found in comparison with the
oldest DB projects. The other significant difference observed regarding the oldest DB projects
was in terms of cost growth, indicating the extent of completion under budget. Overall, P3 yields
better results in cost performance and pace of daily completion work over DB. P3
performance may lie in the fact that the priv

cost
the

challenging pressure of lack of public funds and helps to better meet cost-saving
goals. Regarding schedule growth, DB

, observed in the

descriptive statistics, was not significant through the comparison tests in any of the scenarios.
One possible reason for that difference, although insignificant, could be involving more various
parties and external experts in P3, compared to the DB method.
The primary contributions of the present study to the body of knowledge are: (1) to
develop and propose a P3 contract framework with a focus on highway projects in the US; (2) to
address the project performance of P3 highway projects in the US from the outset until the
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present; and (3) to determine whether the P3 method leads to better performance, compared to
the DB method. Considering all the mentioned facts, this study is deemed to be a new step in the
application of the P3 method to highway projects to guide professionals in the US transportation
industry, and to help the involved entities with selecting an appropriate delivery method
depending on the

key objectives and priorities for future projects, since implementing

an effective delivery method leads to project success and cost and schedule advantages.
Nonetheless, it should be kept in mind that this study had some limitations, and the
findings, particularly the conclusions drawn in the project performance study, may not be
generalized. Taking the contract framework and Delphi study into account, the participants were
from state DOTs and no private sector member was involved. After hearing about payments for
the required contracts, this study focused on DOT professionals. Therefore, further research can
the project performance
study, limitations and biases can be found. Data accessibility was the major challenge affecting
some elements in performance data. By virtue of accessing all P3 contracts, more performance
metrics could be studied, such as change orders. The limited number of completed P3 projects
played a role in the evaluation of project performance. Currently, eight more projects are under
construction. Considering the latest one, all will be complete by the end of 2024 (based on the
announced expected durations), among which,
Further research in the future is required, since more evidence would be available, which also
paves the way for studying correlations between project characteristics and performance metrics,
as it was not possible to split the currently limited sample in this study due to various aspects.
In addition, there is a potential bias regarding the project performance of each project
delivery method. In general, delays in construction projects are almost common; however, this
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study did not find an average schedule increase in the samples, despite some individual delayed
projects in both P3 and DB highway projects. A further potential bias is regarding the other
possible contributing factors to the results of the comparison study, highlighting the fact that the
significant differences found in this study may not be merely due to the type of the project
delivery method, but might be associated with other factors, such as project characteristics
mentioned previously, or the experience factor. In general, experience and lessons learned can
improve the effectiveness of an approach. This factor formed the last scenario, which
distinguished the samples, although only regarding cost performance.
It should be mentioned that more experience in DB is due to the higher number of its
applications, even in the first years. The initial DB highway research conducted in 2006 and
2007 (either case studies or comparison studies between DB vs. DBB) covered the limited
available number of DB projects, mainly large highway projects (O'Connor et al. 2006, Shrestha
et al. 2007, Shrestha 2007). Considering that period, between the 1990s and 2007, this study had
25 DB highway projects regardless of the project size, while P3 has delivered only 23 highway
projects from the 1990s to the current time. It was mentioned at the beginning of the chapter as
well, that P3 is not a new delivery method; nevertheless, the US is indeed a slow adapter and a
laggard in the P3 highway market, where DB has been employed widely. Overall, despite such a
slow pace, currently,

-construction highway

projects (at least eight projects by 2024), while moving toward small projects with a few efforts
having been made recently.
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APPENDIX A: COMMON PPP TYPES AND THEIR EXAMPLES
a) Design-Build-Operate (DBO)
Tolt Water Treatment Facility
Project Type

Water treatment

Project Goal

To treat 120 million gallons of water per day from the South Fork of the
Tolt River in Seattle

Year

2001

Total Cost

$101 million total cost ($65 million for construction, $36 million for
operations)

Financing

Bond financing

Funding

Rates

Public Benefit

Higher-quality drinking water at a lower cost

b) Design-Build-Finance (DBF)
Northwest Corridor
Project Type

Highway managed lanes

Project Goal

To expand 29.7 miles of I-75 in the Atlanta region to improve traffic flow
along the highway

Specific
Characteristic

history

Year

Mid 2018 (projected date)

Total Cost

$900.6 million for construction

Financing

TIFIA loan and developer financing

Funding

User-paid toll and state motor fuel taxes

Public Benefit

Improved traffic flow and reduced congestion
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c) Design-Build-Finance-Operate (DBFM)
Goethals Bridge Replacement
Project Type

Bridge replacement

Project Goal
12-foot lanes, outer and inner shoulders, a pedestrian/bike path, and
accommodations for future public transit
Specific
Characteristic

history

Year

Late 2018 (projected date)

Total Cost

$1.4 billion plus annual payments of $56.5 million over 40 years

Financing

Private equity, TIFIA loan and private activity bonds

Funding

User-paid toll and availability payments from the Port Authority

Public Benefit

Replace obsolete / unsafe bridge at a critical access point between Staten
Island and Elizabeth, NJ

Rapid Bridge Replacement
Project Type

Multiple bridges

Project Goal

To rebuild 558 small bridges

Year

Late 2017

Total Cost

$1.1 billion for construction and 25 years of maintenance

Financing

PABs and private equity

Funding

Mobilization, milestone and availability payments from PennDot; general
revenues; and interest earned

Public Benefit

Replacement of structurally deficient/unsafe bridges
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d) Design-Build-Finance-Operate (DBFO)
Indiana Toll Road (ITR) Long-term operating lease
Project Type

Toll Road

Project Goal

To directly connect the Chicago Skyway to the Ohio Turnpike with a
157-mile east-west toll road

Year

2006

Total Cost

$3.8 billion payment to the state

Financing

Private equity and senior bank debt

Funding

User-paid toll

Public Benefit

Significant upfront payment to the state and long-term maintenance of
the roadway

e) Design-Build-Finance-Operate-Maintenance (DBFOM)
Metro Region Freeway Lighting
Project Type

Freeway lighting

Specific
Characteristic

The first public-private partnership (P3) on a freeway lighting project in
the United States

Project Goal

To replace approximately 15,000 lights in the Detroit metro area with
energy-efficient LEDs and maintain 98 % functionality of the lights after
two years

Year

2017

Total Cost

$145 million (including energy)

Financing

Private financing and equity

Funding

Availability payments from the Michigan Department of Transportation
(with $79 million in federal funds)

Public Benefit

Increased safety on freeways and greater long-term energy efficiency
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APPENDIX B: LIST OF COMPLETED PPP HIGHWAY PROJECTS IN
THE US BY THE TIME OF THIS STUDY
Project Name

Location

PPP Type

I-495 Express Lanes (Capital Beltway High Occupancy Toll)

Virginia

DBFOM

Dulles Greenway

Virginia

DBFOM

Elizabeth River Tunnels (Midtown Tunnel)

Virginia

DBFOM

I-95 HOV/HOT Lanes

Virginia

DBFOM

91 Express Lanes

California

DBFOM

South Bay Expressway (SBX, formerly SR 125 South Toll Road)

California

DBFOM

Presidio Parkway (Phase II)

California

DBFOM

SH 130 (Segments 5-6)

Texas

DBFOM

North Tarrant Express (NTE Phase I) (I-820 and SH 121/183)

Texas

DBFOM

LBJ Express (I-635 Managed Lanes Project)

Texas

DBFOM

Port of Miami Tunnel

Florida

DBFOM

I-595 Express

Florida

DBFOM

US 36 Express Lanes - Phase II

Colorado

DBFOM

I-77 Express Lanes

North Carolina

DBFOM

Teodoro Moscoso Bridge

Puerto Rico

DBFOM

Foley Beach Express

Alabama

DBFOM

Penn Rapid Bridge Replacement Project

Pennsylvania

DBFM

Ohio River Bridges - East End Crossing

Indiana/-Kentucky

DBFOM

I-69 Section 5 (known as a failure)

Indiana

DBFOM

State Street Redevelopment Project

Indiana

DBFM

Goethals Bridge Replacement

New York/Jersey

DBFM

Northwest Corridor

Georgia

DBF

Greenville Southern Connector

South Carolina

DBFOM

SH 288 Toll Lanes*

Texas

DBFOM

SOUTHERN OHIO VETERANS MEMORIAL HIGHWAY*

Ohio

DBFOM

Northampton County Bridge Renewal Program*

Pennsylvania

DBFM

*The primary schedule has been changed. Not complete yet
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APPENDIX C: SAMPLE OF INVITATION LETTERS AND FOLLWOING
REMINDERS FOR DATA COLLECTION IN PHASES OF DELPHI
STUDY AND PERFORMANCE DATA
Dear ..,
My name is Medya Fathi. I am a Ph.D. student in Civil & Environmental Engineering &
Construction department at the University of Nevada Las Vegas. As a part of my Ph.D.
dissertation, I am investigating the contractual framework of PPP highway projects and also
collecting PPP highway project cost and schedule data to compare with DB highway projects.
Since your DOT has completed P3 highway projects, I am contacting you to know whether you
will be able to help me with my dissertation research. If you need more information, I can write
in detail about my plan of data collection via email or discuss on phone at your convenience.
Your help is very critical to complete this research. My academic advisor is Dr. Pramen Shrestha
(pramen.shrestha@unlv.edu).
I look forward to receiving your response. Thank you for your time in advance.
Regards,
Medya Fathi

During the first phone call and explaining the process - Performance Data:

For project performance, I need to collect PPP highway project cost and schedule data to
compare with DB highway projects. The PPP questionnaire can be found as a Google form
through the following link:
The project(s) is(are): "

.

The questionnaire can be filled out with the help of your staff. Also, if some questions can be
answered by data available in public records and you share the links or documents, I can find the
answers on my own. Or if you know anyone who is able to fill out some specific parts I will
contact him/her if you provide the contact information.
Thank you for your time.
Regards,
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During the first phone call and explaining the process - Performance Data:
Dear

,

The survey regarding the PPP contract framework is not for a specific project and I need to know
your opinion. It has different parts. You may prefer answering all through one call or dividing it
into 5 to 10-minutes short calls. I will follow whatever you prefer and only arrange a call at your
convenience: Google form link
Needless to say, your help is very critical for this research at UNLV and me greatly appreciate it.

Hearing limitations due to confidentiality on phone and via emails, a new letter was prepared in
this regard. A sample response received in this regard has been provided below:
Hi Medya,

We have reviewed your questionnaire. The information you are requesting is not public, we are
not in a position to help you further in your research. That said, we take this opportunity to wish
you all success in your endeavor and would be interested in receiving a copy of your study.
Thank you,

The new letter regarding confidentiality:

knowing the fact that confidentiality is a very sensitive issue with DB and P3 projects, I am
sending this email to all respondents to officially state that project performance data will
remain confidential and also respondents will remain anonymous for both questionnaires
and phone-interview.
Individual data itself will not be published anywhere, but instead; an overall statistical
analysis of all projects will be published. Also, the interviews' responses will be used to design
a rating-type questions (5 importance points) in summer and the overall statistical
investigation will be shared not any ones' answers separately.
You may find the use of quantitative data through the attached papers as Similar Research
Studies After Collecting DB Projects' Performance Data (cost, schedule & change
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order), including one published conference paper and one accepted journal paper (will be
published soon). Tables only show the tests' results in order to conclude for instance, whether
that project delivery method performs better in a specific type of project or is there any
correlation between project size and change order amount/cost, or schedule growth and cost
growth.
Now for the current research (PhD dissertation at UNLV) that I contacted you for, I am going to
compare the collected data from PPP with DB highways and draw conclusions depending on
tests' results. My advisor is Dr. Pramen Shrestha (https://www.unlv.edu/people/pramenshrestha) and he has numerous studies in this regard. Thus, I would like to officially state
that: "ANY INFORMATION COLLECTED FROM ALL STATE DOTS WILL NOT BE
SHARED WITH ANYONE OR PUBLISHED ANYWHERE, INCLUDING THE
PARTICIPANTS' NAMES AND INDIVIDUAL PROJECTS' DATA. THE DATA WILL
BE ONLY USED FOR COMPARISON ANALYSIS THROUGH STATISTICAL TESTS
ON THE WHOLE SAMPLE IN THIS DISSERTATION AND ITS PAPERS."
Thank you for you attention and time.

Emails for the second round of Delphi Study

(First Invitation):

. I have sent you an invitation for an online survey on Qualtrics about PPP
contracts for highway projects. I know you are busy, but I really appreciate your participation, as
you were involved in the first round and interviews, which has led to this quick survey.
I need your help to fill out a survey (ranking-type questions), which should take a few
minutes. The data will be reported only in the aggregate and individuals will not be identified
(responses are confidential). If necessary, you can complete a portion of the survey and
return to it at any time using the link provided below:
Your input matters and your voice and opinion will make a difference to this research at
UNLV. I would appreciate it if you could complete and submit the survey by the end of this
month. If you cannot participate, I would appreciate it if you could forward my email to any
other professional who may be helpful in this regard

Second and more reminders:
Subject: Request for a quick call
Dear

,
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Is it possible to schedule a quick call at your convenience just for 5-10 minutes?

Emails after being referred to other contacts:

Subject: Request for a Phone Call,
Dear
I had the privilege to have a conversation with and discuss my research at UNLV (University
of Nevada, Las Vegas) on P3 & DB highways at DOTs. Your phone number and email address
was given to me as one of the best references in this regard.
I would like to schedule a phone call at your convenience this week and hear your comments on
my list of questions and modify them if necessary. I can send you the word document before the
phone call.
Thank you for your time and consideration in advance.
Emails after requesting for a short phone call:
Subject: Request for a quick call
Dear

,

Is it possible to schedule a quick call at your convenience just for 5-10 minutes?
During phone calls:
You may complete a portion of the survey and return to it at any time using the link
provided below:
The data will be reported only in the aggregate and individuals will not be identified (responses
are confidential).
Regards
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APPENDIX D: DELPHI STUDY ROUND ONE SURVEY (OPEN-ENDED
QUESTIONS IN PHONE INTERVIEW)
Section 1: Project Selection Criteria
1- As you know, not all projects are suited to PPP project delivery, so agencies need a way to
identify which projects have the best potential to succeed as PPPs. Which projects do you
think to have the potential to be delivered as PPP? List the project characteristics or factors to
consider that fit as PPP projects. For instance, is there any minimum size or scale for projects
implemented under the PPP framework?
2- What are appraisal criteria to assess the feasibility of a PPP project? Is it different from DB
or DBB highway projects?
3- What criteria are needed for professionals to become panel members in evaluating proposed
projects for their potential to be delivered as PPPs. Is there any difference compared to other
DB or DBB delivery methods?
4- What are risk categories that are common to be identified in highway PPPs?
5- What types of risks should be properly allocated to give appropriate incentives to the privatesector party?
6- Do you think in order to develop a PPP successfully staffing should be different (number,
quality, etc.) from other alternative delivery methods such as DB and DBB? If yes, list the
staff members that should be involved?
7- Do you think before defining a PPP project it is required to develop specialized PPP units to
facilitate the process? If yes, what kind of experts should get involved there?
Section 2: Finance
8- How should financing structure be under PPP arrangement in a way that achieves public
benefits while attracting private financial resources?
9- What type of financing sources should be involved to have a successful PPP?
10- What types of government support are required to improve the financial viability and
enhance the attractiveness of a PPP project for private investments?
11- How much do potential private project sponsors invest or lend to a PPP project? What about
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the public sector?
12- Will the source of funding has impact on delivering PPP project successfully? If yes, please
explain.
Section 3: Document Preparation
13- What areas should be covered in a PPP contract? What type of contract clauses should be
considered?
14- What are the main roles that the government should be responsible for in facilitating PPP
projects?
15- What are the factors that state policymakers may consider in creating a legal framework for
PPPs?
16- What are the main issues in payment mechanisms used in PPP?
17- Do you think the project incentives and disincentives are necessary for a PPP project? If yes,
what types of incentives or disincentives should be used to make a project successful?
18- What types of insurance maybe appropriate in a PPP project?
19- As you know, PPPs are long-term, risky, and complex, PPP contracts that they cannot fully
specify what is to be done in all future states of the world. Therefore, more flexibility is
required to enable changing circumstances. Being said that, how change management
strategies and adjustment mechanisms should be included?
20- Should be there any contract provisions/clauses regarding dispute resolution? If yes, what are
dispute resolution mechanisms?
21- What types of contract should be used? Lump-sum, unit price, GMP, etc.
Section 4: Procurement
22- Once public agencies have identified a project as having the potential to be delivered as a
PPP, they can prepare a project for procurement. What are the key issues in conducting PPP
procurement?
23- What special procurement processes do public agencies need to ensure there is sufficient and
qualified competition?
24- Regarding procurement strategy, how is the bid process under PPP? How the selection of the
developer or the service provider should be done under PPP? Is there any difference with
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DB?
25- Are the existing procurement laws allowed to procure the PPP projects so that it will become
successful? If no, what changes in laws are necessary
Section 5: Implementation
26- How the project implementation is done under PPP? What are the main PPP implementing
principles?
27- Is the design management different from the DB project delivery method? If yes, please
explain how.
28- Do you think Environmental Permitting in PPP project different than DB?
29- What are key issues in PPP contract management?
30- What are performance management responsibilities of the public sector?
31- What are the PPP performance monitoring responsibilities of all parties (public agency,
concessionaire/private partner(s), third party, and shared party)?
32- How PPP project handover/closeout phase works? What are the factors that should be
considered?
33- Does operation and maintenance (O&M) phase need to be included in a PPP project to
maximize benefits? If yes, how long the O&M should be included or mention the criteria for
selecting O & M duration.
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APPENDIX E: DATA COLLECTION QUESTIONNAIRE SURVEYS AND
REFERENCES
Data Collection Questionnaire of PPP Highway Projects
Thank you for your participation and your time in advance to help us conduct this research!
To complete the survey, you may mark your answers and return your pdf/word file via email to
fathi@unlv.nevada.edu
Date of Response: ____________________
Name: ___________________________
Role/Title in this project: ____________
Phone: ___________________________
Email address: _____________________
Fax: _____________________________
Section A - Project General Information
Name: ___________________________
Location: _________________________

Web Address: _________________

Section B - Project Characteristics
B1 - Type of Work and Location
Where is this highway located?
Urban ___
Other _____________________

Rural ___

Describe the nature of this project:
New green field construction ___
Reconstruction ___
Other: _____________________

Rehabilitation ___
Expansion ___

B2 - Project Scope
Total length of road: ____________ Miles
Total number of lanes: ____________

Total number of bridges: _________
Total number of interchanges: _____

B3 - Project Contract
What type of P3 contractual agreement was used to deliver this project?
Design-Build-Operate (DBO) ___
Design-Build-Operate- Maintenance (DBOM) ___
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Design-Build-Finance (DBF) ___
Design-Build-Finance-Operate (DBFO) ___
Design-Build-Finance-Operate-Maintenance (DBFOM) ___
Build-Operate-Transfer (BOT)___
Build-Own-Operate (BOO)___
Other ____________________________________________
How was the developer selected?
Based on unit prices ___
Best Value ___
Other: _____________________

Competitive Negotiation ___
Competitive Bidding ___

What was the rate of liquidated damages in this contract?
US $ ______________________________ per day or per month
No liquidated damage provision in contract ___
Was there any schedule performance bonus in this contract? If yes, how much was it?
Yes ____________________________________(Total amount in US $; details of system)
No ___
Were there any other disincentives for late completion? If yes, how much was it?
Yes ____________________________________($/day or $/month; details of system)
No ___
What type of insurance is used?
Owner Controlled Insurance Program (OCIP) ____
Contractor Controlled Insurance Program (CCIP) ____
Regular insurance program similar to that used in other DB or DBB projects ____
Other: _______________________________________
Section C - Project Finance
If funded by public sector,
What is the source of funding?
Bonds ____
Tax Revenues ____
Bank Loan ____
Bank Debt ____
State Funds ____
Federal Funds ____
Availability Payment ____
DOT development funds ____
Other _____________________________________________________________

How much budget is funded by public sector/government (US $)
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____________________________
If funded by private sector,
What is the source of funding?
Private Equity ____
Private Activity Bonds (PABs)____
Private Toll Revenue Bond ____
Cash (Internal Reserves)____
Other _____________________________________________________________

How much budget is funded by private sector (US $) _____________________________
Section D - Project Performance
Project Cost-Related Performance
Owner estimated cost components (US $):
Design & Build ____________________________________
Operation, Maintenance, or O&M _____________________
In case of not having above-mentioned individual costs, please indicate the total cost
_______________________________________________
Design & Build ____________________________________
Operation, Maintenance, or O&M _____________________
In case of not having above-mentioned individual costs, please indicate the total cost
_______________________________________________
Contract amount (US $):
Design & Build ____________________________________
Operation, Maintenance, or O&M _____________________
In case of not having above-mentioned individual costs, please indicate the total cost
_______________________________________________
Total project completion cost (US $):
Design & Build ____________________________________
Operation, Maintenance, or O&M _____________________
In case of not having above-mentioned individual costs, please indicate the total cost
_______________________________________________
Project Schedule-Related Performance
Owner estimated duration:
Design & Build ____________________________________
Operation, Maintenance, or O&M _____________________
In case of not having above-mentioned individual durations, please indicate the total
duration _______________________________________________
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Design & Build ____________________________________
Operation, Maintenance, or O&M _____________________
In case of not having above-mentioned individual durations, please indicate the total
duration _______________________________________________
Actual project completion duration:
Design & Build ____________________________________
Operation, Maintenance, or O&M _____________________
In case of not having above-mentioned individual durations, please indicate the total
duration _______________________________________________
Project Change Order-Related Performance
Total number of change orders:
Design _________________________________________
Construction ____________________________________
Total cost of change orders (US $):
Design _________________________________________
Construction ____________________________________

Data Collection Questionnaire of DB Highway Projects
Thank you for your participation and your time in advance to help us conduct this research!
To complete the survey you may mark your answers and return your pdf/word file via email to
fathi@unlv.nevada.edu
Date of Response: ____________________
Name: ___________________________
Role/Title in this project: ____________
Phone: ___________________________
Email address: _____________________
Fax: _____________________________
Section A - Project General Information
Name: ___________________________
Location: _________________________

Web Address: _________________

Section B - Project Characteristics
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B1 - Type of Work and Location
Where is this highway project located?
Urban ___
Other _____________________

Rural ___

Describe the nature of this project:
New green field construction ___
Reconstruction ___
Other: _____________________

Rehabilitation ___
Expansion ___

B2 - Project Scope
Total length of road: ____________ Miles
Total number of lanes: ____________

Total number of bridges: _________
Total number of interchanges: _____

B3 - Project Contract
What type of contract delivery method was used to deliver this project?
Lump-Sum Design-Build ___
Progressive Design-Build ___
Guaranteed maximum price (GMP) ___
Cost-plus-fee ___
Other ____________________________________________
How was the developer selected?
Based on unit prices ___
Competitive Negotiation ___
Best Value ___
Competitive Bidding ___
Other: _____________________
What was the rate of liquidated damages in this contract?
US $ ______________________________ per day or per month
No liquidated damage provision in contract ___
Was there any schedule performance bonus in this contract? If yes, how much was it?
Yes ____________________________________(Total amount in US $; details of system)
No ___
Were there any other disincentives for late completion? If yes, how much was it?
Yes ____________________________________($/day or $/month; details of system)
No ___
What type of insurance is used?
Owner Controlled Insurance Program (OCIP) ____
Contractor Controlled Insurance Program (CCIP) ____
Regular insurance used in traditional DBB projects ___
Other: _______________________________________
Section C - Project Performance
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Project Cost-Related Performance
Owner estimated cost components (US $):
Design ____________________________________
Build _____________________________________
In case of not having above-mentioned individual costs, please indicate the total cost
_________________________________________
Design ____________________________________
Build _____________________________________
In case of not having above-mentioned individual costs, please indicate the total cost
_________________________________________
Contract amount (US $):
Design ____________________________________
Build _____________________________________
In case of not having above-mentioned individual costs, please indicate the total cost
_________________________________________
Total project completion cost (US $):
Design _____________________________________
Build ______________________________________
In case of not having above-mentioned individual costs, please indicate the total cost
__________________________________________
Project Schedule-Related Performance
Owner estimated duration:
Design ____________________________________
Build _____________________________________
In case of not having above-mentioned individual durations, please indicate the total
duration ________________________________________
Design ____________________________________
Build _____________________________________
In case of not having above-mentioned individual durations, please indicate the total
duration ________________________________________
Actual project completion duration:
Design ____________________________________
Build _____________________________________
In case of not having above-mentioned individual durations, please indicate the total
duration ________________________________________
Project Change Order-Related Performance
Total number of change orders:
Design _____________________________________
Construction _________________________________
Total cost of change orders (US $):
Design ______________________________________
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Construction __________________________________
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APPENDIX F: SUMMARY OF RESPONSE FROM DELPHI STUDY
ROUND ONE (OPEN-ENDED QUESTIONS / INTERVIEWS)
Section 1: Project Selection Criteria
1- As you know, not all projects are suited to PPP project delivery, so agencies need a way to
identify which projects have the best potential to succeed as PPPs. Which projects do you
think have the potential to be delivered as PPP? List the project characteristics or factors to
consider that fits as PPP projects. For instance, is there any minimum size or scale for
projects implemented under the PPP framework?
disadvantages
VfM: 1) Analyzing whether the project is best to be delivered as DB or DBB? 2)
Choosing DB

look at options within DB (adding financing, concessions (O, M, O&M))

Private parties only participate if it is worth their effort and can benefit (good financial
returns / profit while bearing reasonable levels of risk
DOTs and their existing DB programs
Is there enough political support?
Legal feasibility (allowance, barriers/constraints?)
Complex projects
Large projects
Resources (Federal, State and/or local) are
Technical feasibility

available to leverage with private investment

Innovation

Financial/ economic viability
A minimum size/scale (commercial viability)

No definition, ~200 M

Traffic & revenue
Risk assessment & allocation

Which party can control the best which risk (not all but

usually private due to technical aspects)
2- What are appraisal criteria to assess the feasibility of a PPP project? Is it different from DB
or DBB highway projects?
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Difference from DBB & DB
- Nobody talked about the DBB

a whole different PDM

- The private party may be responsible for the whole lifecycle
- Unlike DB projects, P3s include long-term operations and/or maintenance
- DB & PPP appraisal criteria

some overlap but, no finance in DB, P3 is more

challenging, P3 transfers more risks, a certain concession (O&M)
Difference from DBB & DB
Traditionally, organizational structure

Sequential. But in P3 is collaborative. It has

iterative basis. Different experts have to coordinate closely. Multidisciplinary teams have
interactions, (technical, financial and legal)
A minimum size/scale to make it commercially viable

probably not anything less than (all

mentioned values): $100M, $200M, $500 M, $1 billion, $2 billion
DB is at the heart of almost all P3s, so not addressed in any of the questions.
dent 3rd party
over optimistic?
Additional discussions meanwhile
No established guideline for P3s in the US (UK and Australia has a whole different history of
chnical & financial advisors do
feasibility and review case by case
No guideline at the department (but Virginia has its own)
No authority and ability anymore to do P3s (one of the DOTs)
What was found in the literature review from other countries was the minimum size of US
$50 M (not for the US highways)
Avoid ambiguous language and interpretations
3- What criteria are needed for professionals to become panel members in evaluating proposed
projects for their potential to be delivered as PPPs. Is there any difference compared to other
DB or DBB delivery methods?
Same as DB (DBB) but the difference is financial & commercial advisors as part of
evaluation and technical panel

DB experience is helpful
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Policy advisors (to guide policy decisions)
Legal advisors

Managerial skills to oversee projects in the concession period
Some structures like P3 units
Hire external consultant advisors for project selection (technically evaluates potential
projects)
Train internally / hire new staff (sufficient expertise in-house (train / hire))
In addition, some stated that
Good understanding of Contracting methods and nuances in innovative contracting
techniques
Excellent understanding of the laws governing P3 for the political subdivision
Strong understanding of financing risks
4- What are risk categories that are common to be identified in highway PPPs?
Regulatory risk
Design, Construction, Commissioning
Operation
Environmental
Financing
Site
Change in legal framework
Force Majeure
Geotechnical
Demand, Revenue streams and Traffic Projections (major)
5- What types of risks should be properly allocated to give appropriate incentives to the privatesector party?
Transferred, retained, shared
Basically, DOTs want to transfer costs and risks associated with D, B, F, O & M of the
Project (as the private agencies are best able to manage, have savings, more innovation,
quality)
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Certain risks

ROW, Env

-

Revenues risk

-

Third-party risk

-

Change in law

-

Construction risk

-

Traffic risk
Difference from DBB & DB
- Risk management (concessionaire and not contractors)
- Each project is unique. It is difficult to just follow programmatic documents
Private parties take more risks in exchange for a greater reward & more control over phases
Reward is through compensations like availability payments, toll revenues

Additional discussions meanwhile
Private sector bears the
toll rates. DOT prefers control over setting of toll rates to prevent unreasonably high profits
to the Developer
If private parties earn more than initial rate of return, those revenues will be shared
There is no guaranty to ensure their expected return (rate of return)
If private parties earn more than initial rate of return, those revenues will be shared
6- Do you think in order to develop PPP successfully staffing should be different (number,
quality, etc.) from other alternative delivery methods such as DB and DBB? If yes, list the
staff members that should be involved?
Staff should be familiar with DB. People with DB experience will start working on P3
concession & external advisors to supplement and learn
Additional staffing for
-

Technical expertise

-

Financial background

-

Legal & commercial background

-

Insurance background
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-

Managing this long-term contract, even after agencies accept construction is a full-time
job to oversee O&M
No inter-departmental committees
Not all needed expertise and skills are within the organization
- Public agency
- External consultant advisors
- Train internally / hire new staff

outsourcing
developing internal capacity

- State P3 units
Different staff in short-term & long-term tasks
It might be more costly to have external employees, but they have specialized skills
International agencies might not understand US market
What is helpful is reviewing previous case studies and lessons learned
Project Management: Schedule Management, Cost Management, Staff and Consultant
Management and Engagement, Leadership Engagement, Industry/ Proposer Engagement,
Training, Public Outreach
7- Do you think before defining a PPP project it is required to develop specialized PPP units to
facilitate the process? If yes, what kind of experts should get involved there?
To make sure that the DB / P3 like DBB can be administered, general office cannot help,
there are additional experts from outside (technical, engineering, financial & insurance
advisors along the project staff)
Important to bring them all at an appropriate time
The P3 staff are expert advisors
-

Technical assistance, technical training

-

Commercial experts

-

Transportation sector-specific

-

Economics and finance (financial experts, lawyers, economists)

-

Regulation

-

Procurement

-

Communications / training

-

Oversight / overseeing the management

-

Policy expertise, consulting and quality control (policy advisor)
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-

Specific legal tasks
Identifying opportunities & potential P3s
Assistance to public limited resources

Some know the term, and some are not familiar with the term (but their explanation match P3
Attract the private sectors and make them interested in investment due to their experienced
professional members
Legal, financial, engineering specializations reporting to the DOT with oversight
responsibilities
Additional discussions meanwhile
Early DOTs

Virginia (over a decade ago), VDOT has a separate P3 office & workshops

and a very good P3 manual. P3 is not new for them anymore

Section 2: Finance & Funding
8- How should financing structure be under PPP arrangement in a way that achieves public
benefits while attracting private financial resources?
9- What type of financing sources should be involved to have a successful PPP?
10- What types of government support are required to improve the financial viability and
enhance the attractiveness of a PPP project for private investments?
Respondents prefer to answer these questions together due to their relationship and overlap
Equity (17)
Debt (different sources)

It can be loan by federal government through a program called

TIFIA (*), a common and very important tool used by almost all P3s because it has
Flexible repayment terms (17)
In certain circumstances the public may contribute to some money, but the idea is to get
fully funded from equity and debt, either through bonds or TIFIA program at the US DOT
TIFIA & private activity bonds can provide substantial incentives for private equity
investment (11)
Typically, in financing structure the private party establishes a special purpose vehicle
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outside liabilities simultaneously
TIFIA - Public
-

Funded loan program (credit assistance) by federal

-

Can cover ~ 40% of the total project cost

-

Limited to a max 33% of the total eligible project costs

-

2.05%
Tax, fees - Public

Private Activity Bonds (PAB) - Private
-

Debt instruments from local / state government

-

More investment in transportation is encouraged by less cost of capital for the private
party (tax-exempt, low interest borrowing)

-

Allow private developers to access tax-exempt interest rates reducing cost of capital and
therefore enhancing investment prospects
Debt Private

Equity

Private

Project sponsor

Project participants, local investors, and institutional investors,

Compensation Mechanisms for the private party
- Toll concessions (having the right to collect tolls)
- Receiving a set payment for each vehicle using the facility
defined performance level
Financing benefits for qualified projects through TIFIA or RRIF loans and/or federal grant
assistance, PABs, tax-exempt bonds
Funding and financing are not the same in concept. Funding is the amount of money provided by
government or public agencies with no charge, interest, and expectation of repaying but may
have some requirements in the agreement. Financing is the money provided by lending
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institutions, like banks or by investors, e.g. shareholders & venture capitalists, which its
repayment is legally necessary and includes an interest factor.
Special governmental credit issuers like TIFIA fill market gaps by attracting substantial private
co-investment
Some documents were sent through email during the phone discussions for more details. Also,
some links were shared regarding TIFIA and SPV:
https://www.transportation.gov/tifia/tifia-credit-program-overview
https://www.transportation.gov/buildamerica
https://www.transportation.gov/buildamerica/programs-services/tifia/overview
11- How much do potential private project sponsors invest or lend to a PPP project? What about
the public sector?
12- Will the source of funding have impact on delivering PPP project successfully? If yes, please
explain.
There is no specific number for all projects, and if differs but in general, (maximum) the
goal is 100% private. DOTs want them to bring 100% to not use states funds. Of course,
otherwise why would you do it? Yes, it can be 90-100% but the goal should be 100%, the
It depends, how much the private sector can bring to the project. DBFOM

not always

but usually raising funds
It depends. If the project has a revenue stream (like tolling), the amount required from
the public agencies may be minimal (if any). Long term Availability Structures will all
ultimately be paid through the public agency.

Section 3: Document Preparation
13- What areas should be covered in a PPP contract? What type of contract clauses should be
considered?
Commercial
Financial
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Legal
Same in highway, bridge, tunnel, railroads (just technical codes are different)
Performance requirements

quality & quantity, monitoring

Payment mechanisms to determine how the private party is paid like user charges
Dispute resolution
Termination
Government payment for services or assets: usage, availability, or a combination
Contract clauses, everything! Check the list of content of an available doc:
-

Penalties and fines: deductions on payments to the private partner, or payable fines by the
private partner

-

Adjustment mechanisms

-

Dispute resolution procedures (Mediation, court system, arbitration)

-

Termination

-

The term of the concession, for highway 30 - 99 y

-

Requisite DB specifications

-

O&M standards

-

Hiring standards

-

Pricing of services to the public

-

Defaults

-

Early termination

-

Scope

-

Financial close

-

Requirements of D, B, O, M, transferring back, property acquisition, hazardous materials,
site conditions...

-

Dispute resolution

-

Change in ownership

-

Insurance

-

ts
Assuring the private party that the future revenues will not be negatively impacted by
future projects or subsequent adjustments on charges/rates
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-

Remedies

14- What are the main roles that government should be responsible for in facilitating PPP
projects?
Effectiveness of quality service for asset end-users
Management and monitoring by the government
Creating supportive legislation at the state / federal level because of their leadership role
State / federal training opportunities

many procurement specialists view a PPP as only a

financing option
Efficiency of applying of public resource
Standardizing PPP practices, whenever possible

diversity & ambiguity

Education of stakeholders on what PPP brings and also risks
Honesty and transparency on risks & costs
The main role is regarding VfM
It is an approach that attempts to estimate/maximize all benefits
The best value is determined by aggregate costs of the PPP (overall risks, project
quality, timing and lifecycle costs)
estimate and forecast the estimated costs and risks under each model.
No rigid timing for the analysis is also not rigid (can be conducted both before & after
receiving bids)
No guarantee for a better result than other procurements
True?: US is a laggard in the PPP market. Compared to many other countries such as
Australia, Germany, UK and Canada, only a very small percentage of American
infrastructure projects are currently financed through PPPs. (PWF, 2015)

Yes

No connection between the states!
Acquiring or Developing New Skills
Contract management & oversight of the private party

Public

15- What are the factors that state policy makers may consider in creating a legal framework for
PPPs?
No answer (12)
Some documents were shared through email to study (8)
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Also a link: www.fhwa.dot.gov/ipd/pdfs/legis_model_0610.pdf
Which P3 arrangements, facilities, financing, procurement are allowed?
Authority to enter and approve P3
Hiring external advisors
Unsolicited proposals
Stipends & fees
der selection
Length of period
Toll rates and mechanisms
Risk allocation
Revenue sharing
Dispute resolution
Buy back
Refinancing
Performance reports
The tradeoff is losing control of facilities while benefitting from risk transfer
16- What are the main issues in payment mechanisms used in PPP?
User charges. Setting tariff and its adjustment and allowed changes to be made is a risk
allocation mechanism
Government payment
-

Usage-based

-

Based on availability (at a specified level of quality)

-

Upfront subsidies (meeting milestones o rnot)
Risk allocation implications of different government payment mechanisms.
Bonuses and penalties, or fines based on defined outcomes
Typically, p3 is a self-reporting contract
We need someone to monitor and oversee the contract
For contracts, which have revenue risks based off of traffic performance, the private
concessionaire over-estimation of traffic counts can make estimated investment returns
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incorrect. For availability payment structures, having definable and definitive measurements
for key project items may be difficult to determine.
Additional discussion
If the revenues collected by the private-sector party turn out to be higher than expected, are there
mechanisms to limit the private sector profits, like sharing surplus revenues?
These are only on revenue risk items. No applicable on availability payment structures.
There should be some limit on profits if the asset is constructed to minimum requirements.
If private parties earn more than initial rate of return, those revenues will be shared!
17- Do you think the project incentives and disincentives are necessary for a PPP project? If yes,
what types of incentives or disincentives should be used to make a project successful?
Disincentives are necessary to ensure completion of the asset, but incentives should not
necessarily be included (rewards for well performance is rare) Efficiency gain by the
private entity is by default, the incentive
Lower payment
Enhancing oversight
If lack of finances led to underperformance, then penalties might prevent the private party
to fix the problem. Large fines make them tend to not do the work
lead to view fines as a part of the cost of doing the expected job (make it cheaper for them
to take the penalty)
Not included incentives but we should
once they get a deduction you can never get it back
18- What types of insurance maybe appropriate in a PPP project?
Performance bonds to ensure completion & general liability and Construction
Owner controlled insurances may assist in leveling the playing field, but are illegal
in some state
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Shared a link:
Casualty business eruptions
Liability insurance
The owner is the contractor
Some Projects have included insurable events as compensation events
No answer
19- As you know, PPPs are risky, lengthy, and complex. Therefore, more flexibility is required to
enable changing circumstances. Being said that, how change management strategies and
adjustment mechanisms should be included?
20- Should be there any contract provisions/clauses regarding dispute resolution? If yes, what are
dispute resolution mechanisms?

Change management strategies to meet the future measurements are risk items typically
assigned to the concessionaire
If private sectors want to make any change, they have to get permission. There are penalties
for not performing

Ensuring a standing Dispute Resolution Board during the operations phase may enable a
simpler dispute resolution process
DOTs do inspections and there are some clauses in the agreement as everyone involved in
the contract will be retired by the end of that long-term agreement
A permanent independent office
Mediation & 3rd party arbitration
If a party cannot or refuses to comply with the contract, the contract fails. Then either parties
need to be replaced or terminating the agreement
21- What types of contract should be used? Lump sum, unit price, GMP, etc.
Typically, p3s are lump-sum or GMP, same idea but different names (as P3s are with a
design-build basis)
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Difference from DBB & DB

A much short-term nature (nature)

paying minus pieces like change orders that do not show up
Quarterly payments in 25 years, minus inflations
Unit Price contracts are generally not appropriate
A few: Not important. All we do care is that the is the obligation of the concessionaire in
accordance to the contract

Section 4: Procurement
22- Once public agencies have identified a project as having the potential to be delivered as a
PPP, they can prepare a project for procurement. What are the key issues in conducting PPP
procurement?
Not enough knowledge, expertise, and experience yet
-

Lack of expertise (rather complex contractual agreements)

-

Lack of experience (still not the predominant financing method in US for public
procurement)
Lack of appropriate staff
Lack of support

-

Support from outside of the agency, maybe government offices (no institutionalization
support & promotion)

-

Lack of political support

-

Lack of supporting legislation / supportive legislative environment in some states
High transaction costs (agencies simply do not prefer to assume establishment and
Deal of ambiguity and confusion

Some members stated that
Financial capability of the concessionaire
Experience of the proposer

207

Shared Doc: Initiation of procurement, Establishment of Evaluation Committees,
Selection/Negotiation, Best value selection
Leadership continuity for a transition plan from the outset to the end of the project lifecycle
Public involvement and transparency (VfM, publicly disclosing the extent of Federal
participation and performance review)
Monitoring and oversight
23- What special procurement processes do public agencies need to ensure there is sufficient and
qualified competition?
DOTs have a procurement process like DB, starting with project selection to short listing,
how to handle a procurement
Transparency
Confidentiality
A full disclosure of these is suggested
- Standards
- Toll policy & revenue
- Any
- Public transaction costs
Post award disclosures of evaluation documents
Predefined and shared scoring procedures prior to RFP
Sufficiently trained evaluators
Best value selection is a successful practice
Additional discussions meanwhile
VDOT

a process to review P3 submissions that integrates public participation

-

A process auditor

-

Audits during life cycle

-

Internal audit staff and financial experts early

-

Specifying outcomes desired
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24- Regarding procurement strategy, how is the bid process under PPP? How the selection of the
developer or the service provider should be done under PPP? Is there any difference with
DB?
Best Value
Well-defined criteria, evaluation processes, clear rules
Difference from DBB & DB: The selection criteria in DBB are quite simple

award to

the lowest responsible bidder. Evaluation of technical proposals and price is considered.
But P3 has more complex criteria. Responsibility standards

shortlisting phase

Regarding negotiation, in DBB is based on bids received (no negotiations). In DB there are
competitive negotiations (pre-award negotiations). In P3 is a complex and lengthy process.
- US prefer best value selection (quality of the proposer, technical aspects, financing, &
management)
- Competitive negotiations is rarely exercised since it would make procurement process
lengthy, which is already lengthy itself and also raise costs for all, the agency and
proposers
- A post-selection negotiation phase is common to the complexity some issues become
apparent only after reviewing proposals
- Public sector should discuss many issues related to the scope during the pre-proposal
period extensive pre-award negotiations would be prevented
Best Value & Low Bid
It is always a competitive procurement. Agencies try to see how much funding the private
party can bring to the project, so agencies do not have to bring any
Majority of P3s have a strong leaning toward qualifications, and the financial capacity is
also a major determining factor
25- Are the existing procurement laws allowed to procure the PPP projects so that it will become
successful? If no, what changes in laws are necessary
Allowance of P3s is primary requirement with the allowance of qualification-based
selection
needs to be
competitive, how to do that is left up to us, the department to choose the efficient way
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TX to do anymore in
this state

Section 5: Implementation
26- How the project implementation is done under PPP? What are the main PPP implementing
principles?
Legislation and policy
Feasibility study and project development
Procurement
P3 monitoring and oversight
Understanding the concept that the private entity with the long-term maintenance
requirement drives the project. Traditional owners need to realize that financial decisions
may drive engineering solutions
Project success is tied to implementing an efficacious PDM. Not all projects fit P3
27- Is the design management different from the DB project delivery method? If yes, please
explain how.
Typically, they are similar just the design level is driven by the concessionaire
the developer to make sure the design and construction is done correctly, cause the
developer is ultimately the responsible party
28- Do you think Environmental Permitting in PPP project different than DB?
No, same
Environmental review required by NEPA to determine the suitable assessments
29- What are key issues in PPP contract management?
Understanding financing considerations
Understanding the minimum requirements of the contract
Understanding changes in roles (acquiring / developing new roles and skills)
why they need certain technical skills from outside
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More need to establish performance specifications & standards for management &
oversight
Design and construction engineering are done by the private sector therefore the less
pressure is on the agency in this regard but the entire responsibility for contract oversight
of the concessionaire will be added
No steady flow of P3 projects in many states

difficult to predict staffing and resource

needs prior to identifying, development, procurement & implementation
It is ideal to have the same major personnel even external advisors through financial close
and contract management
30- What are performance management responsibilities of the public sector?
Define & establish performance measures / standards
Performance monitoring

Managing closeout
They last for the duration of the agreement
Internal capabilities should be developed because of
- Possible retirements or quit
- Need to document institutional knowledge, processes and guidelines to maintain these
capabilities over time
Outs
31- What are the PPP performance monitoring responsibilities of all parties (public agency,
concessionaire, 3rd party, and shared)?
Public agency has an oversight role, the concessionaire has ultimate responsibility
Monitoring the performance of the private partner is done by the public agency
Self-reporting procedures, audits & inspections, regular meetings
Standards
Review plans, annual reviews
Inspections
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Regular meetings
Penalties & awards
Management plans & procedures
Collection data, monitoring data
Status reports, self-report violations
Perform (independent) audits & inspections: (DOTs do not want third parties to direct
ich would turn into
costs. They would be eligible for some sort of change order. 3rd parties should be in touch
with the owner that has a direct contract with the developer)
Intelligent systems and automate data collection & reporting
Very important to make sure performing under the terms of the contract
32- How PPP project handover/closeout phase works? What are the factors that should be
considered?
What will happen to the project and assets at the end of the concession period
Rights & obligations
Valuation approaches, testing & calculation methods to check meeting all standards

Provision to ensure that at the end of the contract term and before transferring the assets to
DOT they do not need immediate costly extensive lifecycle major maintenance to meet the
requirements
A life-cycle maintenance plan for estimated life of the project and how the developer will
Not meeting the expectations

the private partner needs to repair them before the due

date
Specifications help avoid disputes & also incentivize to make lifecycle investments early
in project
There should be some sort of incentive for private parties to meet the handover
requirement to the end of the contract
5-6 years before handover, private entities need to submit the anticipated remaining work
before the actual handover and the required cost
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Turning in the project according to prescribed requirements
As the given time for the interview call was almost over, most of them refer me to links and
samples
33- Does operation and maintenance (O&M) phase need to be included in PPP project to
maximize benefits? If yes, how long the O&M should be included or mention the criteria of
selecting O & M duration.
Yes
The main extra benefit of a DBFOM is shifting a greater portion of the financing and
revenue risks to concessionaire
There is no optimal concession length like European countries?
requirements. Typically, 35 to 40 years but there are also 99 years, some ~50
Private parties can gain potential tax benefits of asset depreciation in an accelerated manner
O&M ensures long-term buy-in from the builder
DB & DBFOM: The DB has some important advantages: Private sector expertise, certain
level of quality and price control (a fixed-

y.

DBFOM has a few more than mentioned ones: Maintenance and operation costs early in
the design stages is on the private party (maintenance costs are often more significant than
construction costs), efficiencies while maintaining quality for the private partner.
Although the public sector loses much of the direct control, it shifts many responsibilities
and risks to the private partner
Additional discussions meanwhile about the DBFM project
It is somehow early to judge the effectiveness of PPP in US
DBFM
the Developer and the private partner was not involved in its operation (not clear for what
reason)
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APPENDIX G: DELPHI STUDY ROUND TWO, SURVEY (RANKINGTYPE QUESTIONS)
Delphi Study for Highway PPP Contract Framework
Section 1: Project Selection Criteria
1. Please rank the required screening factors and characteristics for a project to fit PPPs:
(1) Comparing the pros and cons of delivering by PPP and by DBB/ DB/ CMAR, etc.
(2) Projects with high levels of risks to benefit from risk transfer to private parties and
financial returns
(3) A State DOT with DB experience as the minimum required skills and resources for PPPs
(4) Legal feasibility: Allowance or constraints set by procurement laws (at the state, local, or
federal levels) regarding PPP projects
(5) Enough political support
(6) Project design is complex or technically challenging
(7) Resources (Federal, State and/or local) are available to leverage with private investment
(8) Large size projects ($)
(9) Projects that required to be contracted for the whole lifecycle (funding, design,
construction maintenance, and operation)
(10)
Other (Please mention any important answer not listed above): ______________
2. An economic analysis (including but not limited to VfM) comparing different delivery
methods is performed to find which one provides maximum economic benefits to private
party as well as the DOTs
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
3. VfM is a mandatory step in feasibility studies at DOTs
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
4. What is the minimum size of the project in terms of cost to be suitable for PPPs?
(1) $50M
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(2)
(3)
(4)
(5)

$200M
$500 M
$1 B
Other (Please mention your opinion not listed above): _________________

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Proper risk assessment and allocation to the private parties
Avoiding ambiguous language and interpretations in the contract
Providing strong political support

5.

Public and private parties should work collaboratively
Public organizations should have enough experience in DB projects
Public organizations should have enough experience in PPP projects
A established guidelines to make PPP projects successful
Realistic assessment of the project estimates, risks, and revenues of the PPP projects by
an independent consultant/advisor
(10)
Others (Please mention your opinion not listed above): _____________
6. Please rank the requirements for the evaluation panel to assess the proposed project as a
potential PPP project:
(1) DB experience
(2) Financial and commercial advisors
(3) Policy advisors
(4) Legal advisors
(5) Technical advisors
(6) Expertise in risk assessment
(7) Expertise in VfM analysis
(8) Managerial skills to oversee projects over the long-term
(9) Establishing P3 units
(10)
Hiring external consultant advisors
(11)
Training internally for a sufficient in-house expertise
(12)
Experience in managing P3 projects
7. Please rank the common risks in PPP highway projects:
(1) Regulatory risk
(2) Demand, Revenue streams and Traffic Projections
(3) Design risk
(4) Construction risk
(5) Commissioning risk
(6) Operation risk
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(7) Maintenance risk
(8) Environmental risk
(9) Financing risk
(10)
Geotechnical risk
(11)
Change in legal framework risk
(12)
Force Majeure risk
8. Please rank risks needed to provide appropriate incentives/greater rewards to the
concessionaire/private party (Transferred/Shared/Retained):
(1) ROW risk
(2) Traffic demand risk
(3) Environmental risk
(4) Toll R\revenues risk
(5) Third-party risk
(6) Change in law risk
(7) Construction risk
(8) Operation risk
(9) Maintenance risk
9. Please rank requirements and elements regarding the involved staff in PPPs:
(1) Staff should be familiar with DB and have experience
(2) Technical expertise
(3) Financial background
(4) Legal & commercial background
(5) Insurance background
(6) Project Management
(7) Outsourcing and external consultant advisors
(8) Developing internal capacity by training
(9) Inter-departmental committees
(10)
State P3 units
10. Please rank the specializations that should be
(1) Technical
(2) Engineering
(3) Insurance
(4) Quality control
(5) Legal
(6) Commercial
(7) Economics and finance
(8) Regulation
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(9) Procurement
(10)
Communications / training
(11)
Oversight / overseeing the management
(12)
Policy expertise
Section 2: Finance & Funding
11. Does the source of funding have impact on delivering PPP project successfully?
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
12. Please rank the type of funding and financing resources needed for a successful PPP:
(1) TIFIA (debt held by State)
(2) TIFIA (debt held by a Developer)
(3) Tax, fees
(4) PAB
(5) Debt
(6) Equity
(7) Bonds (general obligation bonds (state money))
(8) All the above
(9) Other (Please mention your opinion not listed above): _______________
13. What types of terms in TIFIA loans could be beneficial to P3s? (Please drag and drop to
provide ranking)
(1) Secured (direct) loan
(2) Loan guarantee
(3) Standby line of credit
(4) Thoughtful senior debt positions
(5) Repayment schedule
(6) Other (Please mention your opinion not listed above): _______________
14. How much do public and private sectors invest / lend to a PPP project, while the goal is
100% by private?
(1) Depending on how much public funding is available
(2) Depending on market readiness to accept the financial risk
(3) Depending on the stability of governmental policy regarding P3 financial risk sharing
(4) 100% private
(5) 10% public 90% private
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(6) 20% public 80% private
(7) 30% public 70% private
(8) 40% public 60% private
(9) Equal
(10)
60% public 40% private
(11)
70% public 30% private
(12)
80% public 20% private
(13)
Other (Please mention your opinion not listed above): ______________
Section 3: Document Preparation
15. Please list the areas/contract clauses that should be included in PPP contracts?
(1) Scope
(2) Commercial
(3) Legal
(4) Monitoring
(5) Payment mechanisms
(6) Penalties/ fines
(7) Adjustment mechanisms
(8) Dispute resolution mechanisms
(9) Hiring and employment standards
(10)
Pricing of services to the public
(11)
Requirements relating to financial close
(12)
Financing issues
(13)
Requirements relating to property acquisition
(14)
Environmental issues
(15)
Changes in ownership
(16)
Insurance
(17)
Termination
(18)
Closeout
16. What are the main roles that federal government and/or states) should be responsible for?
(1) Economic Analysis
(2) Contract management
(3) Monitoring and oversight of the private partner
(4) Effective and high-quality service for asset end-users
(5) Efficient use of public resource
(6) Suggesting enabling state/ federal legislation
(7) Establishing trainings to assist with the development of technical expertise and capacity
(8) Standardizing PPP practices to avoid diversity and ambiguity
(9) Educating stakeholders about costs, risks, and benefits of PPP
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(10)

Remaining honest and transparent about risks and costs

17. What are the most important things to foster with elected leadership in regard to P3 enabling
legislation?
(1) Good relationship
(2) Inform DOT staff regarding the tradeoffs
(3) Legal expertise
(4) Knowledge of other states' P3 enabling legislation
(5) Lessons learned from other states' performance under their legislation
18. Please rank the important factors in creating a legal framework for PPPs:
(1) Types of P3 agreements allowed
(2) Authority to enter P3 agreements
(3) Authority to approve or review P3 agreements
(4) Types of facilities allowed
(5) Types of financing/subsidies allowed
(6) Types of procurement allowed
(7) Whether unsolicited proposals are allowed
(8) Criteria to evaluate potential P3 projects
(9) Criteria to select bidder
(10)
Length of contract term
(11)
Toll rates and toll rate-setting mechanisms
(12)
Allocation of risks
(13)
Revenue sharing
(14)
Buy back provisions
(15)
Refinancing provisions
(16)
Labor union issues
(17)
transfer to the private sector
19. Please rank the main issues in PPP payment mechanisms:
(1) The approach to tariff setting and adjustment (user charges)
(2) Risk allocation and how tariffs are allowed to change, what and who can trigger a tariff
revision (user charges)
(3) Usage-based (government payments)
(4) Based on availability (government payments)
(5) Upfront subsidies based on achieving certain milestones (government payments)
(6) Bonuses and penalties, or fines
(7) Who monitors and oversees payment mechanism?
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20. If the revenues collected by the private party exceed what is expected, there are mechanisms
to limit this profit, e.g. sharing surplus revenues.
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
21. Project incentives (rewards for superior performance) are as necessary as disincentives in
PPP contracts.
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
22. There is no disincentives/penalties for the state DOTs.
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
23. What types of penalties should be used?
(1) Payment reductions or retentions
(2) Default points
(3) Increased oversight
(4) Suspension of work
(5) Termination of the contract
(6) Other (please mention your opinion not listed above): _____________________
24. What type of insurance is appropriate in a PPP project?
(1) Performance bonds
(2) General liability and Construction Liability
(3) Owner controlled insurances
(4) Other (please name the type not listed above): ________________________
25.

change management strategies & adjustment mechanisms
sector to make changes despite private sectors.
(1) Strongly agree
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(2)
(3)
(4)
(5)

Agree
Neutral
Disagree
Strongly disagree

26. What should be performed for dispute resolution?
(1) Regular inspections by DOTs
(2) Ensuring a standing Dispute Resolution Board during the operations
(3) Establishing a permanent independent dispute resolution office
(4) Defining systems of problem identification & resolution through negotiation
(5) Including alternative dispute resolution processes (mediation & third-party arbitration)
(6) Replacing parties to the agreement
(7) Resolving in courts
(8) Agreement termination
27. What types of contract should be used? Lump sum, unit price, GMP, etc.
(1) Lump sum
(2) GMP
(3) Unit price
(4) No difference
(5) Other (Please indicate your different opinion not listed above): __________________
Section 4: Procurement
28. After identifying a potential PPP project what are key issues in conducting PPP
procurement?
(1) Lack of experience of the proposer
(2) Lack of expertise
(3) Lack of appropriate staff
(4) Lack of support from government offices
(5) Lack of supporting legislative environment in some states
(6) Lack of political support
(7) High transaction costs
(8) Deal of ambiguity and confusion
(9) Lack of financial capability of the concessionaire
(10)
Establishment of Evaluation Committees & Enlisting qualified individuals
(11)
Lack a transition plan from procurement to contract management (continuity)
(12)
Appropriate measures so that public interest is served when Federal funding and
credit assistance is used
(13)
Enabling public sector to learn about the details of P3 procurements (involvement
and transparency)
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(14)
(15)

Conducting a performance review
Monitoring & appropriate project oversight during procurement

29. What do public agencies need to ensure a qualified, fair & transparent competition?
(1) Understanding confidentiality
(2) A full disclosure of current and proposed contract standards
(3) A full disclosure of Toll policy
(4) A full disclosure of Use of toll revenue for other investments
(5) A full disclosure of any potential limitations in making infrastructure improvements
(6) A full disclosure of transaction costs incurred by the public sector
(7) Post award disclosures of evaluation documents
(8) Predefined and shared scoring procedures prior to RFP
(9) Sufficiently trained evaluators
(10)
Best value selection approach as a means of assuring project quality
(11)
Involving internal audit staff and financial experts early in the tendering process
(12)
Conducting audits throughout life cycle
30. Please rank the most common bid process to select a developer in PPPs:
(1) Best Value
(2) Establishing a minimum level for a proposal to pass, with the evaluation rating based
solely on aspects of the proposal that exceed the minimum
(3) Low Bid Approach
(4) Other (please indicate your different opinion not listed above): ___________________
31. The existing procurement laws limit agencies to procure the PPP projects.
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
Section 5: Implementation
32. What are the main principles in PPP project implementation?
(1) PPP feasibility analysis and project development
(2) PPP procurement
(3) PPP monitoring and oversight
(4)
-term maintenance
requirement drives the project
(5) Other (Please indicate your different opinion not listed above): ___________________
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33. The design management of PPP is similar to DB except the fact that the responsible party is
the developer.
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
34. What are key issues in PPP contract management?
(1) DOTs: how to establish performance standards
(2) DOTs: responsibility for contract management and
oversight
(3) Understanding financing considerations
(4) Understanding the minimum requirements of the contract
(5) Acquiring & developing new roles and skills
(6) Having the same key procurement personnel in financial close & contract management
(7) Other (Please indicate your different opinion not listed above):
35. What are performance management responsibilities of public sector?
(1) Defining performance standards
(2) Monitoring performance
(3) Assessing performance payments & penalties
(4) Designing & managing dispute resolution processes
(5) Managing handback
(6) Documenting institutional knowledge & processes to maintain these capabilities over
time
(7) Other (please indicate your different opinion not listed above):
36. Please rank the PPP performance monitoring responsibilities of Public agency:
(1) An oversight role & monitoring the performance of the concessionaire
(2) Self-reporting procedures
(3) Conducting regular meetings
(4) Setting performance standards
(5) Reviewing plans, procedures, status reports
(6) Assessing penalties & awards
(7) Other (please mention your different answer not listed above): __________________
37. Please rank the PPP performance monitoring responsibilities of concessionaire:
(1) Developing management plans & procedures
(2) Collecting monitoring data
(3) Developing status reports
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(4) Self-reporting violations
(5) Other (please mention your different opinion not listed above): _________________
38. Please rank the PPP performance monitoring responsibilities of 3rd party:
(1) Perform independent audits & inspections
(2) Data collection
(3) Resolving disputes
(4) Other (please mention your different opinion not listed above): _________________
39. Please rank the PPP performance monitoring responsibilities of shared party:
(1) Daily communication & problem solving
(2) Conducting regular meetings
(3) Completing annual performance reviews
(4) Other (please mention your different answer not listed above): _________________
40. Operation as well as maintenance phase should be included in PPP project to maximize
benefits.
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
41. If a PPP project includes O&M, what should be the length of this period?
(1) 21-35 years
(2) 30-35 years
(3) 35-40 years
(4) ~ 50 years
(5) 50-99 years
(6) Other (please mention your different answer not listed above): ________________
42. What factors should be considered in project handover / closeout phase?
(1) Rights and obligations of the department
(2) Rights and obligations of the developer
(3) Maintenance and condition of each element of the project during handover period
(4)
maintenance at all stages of the Project
lifecycle (Life-Cycle Maintenance Plan)
(5) Incentivizing the developer to make life-cycle investments in the project at the optimum
time
(6) No need for an immediate and extensive life-cycle maintenance after handover
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(7) Other (please mention your different answer not listed above): __________________
43. Environmental Permitting in PPP projects is the same as DB projects
(1) Strongly agree
(2) Agree
(3) Neutral
(4) Disagree
(5) Strongly disagree
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APPENDIX H: A FRAMEWORK TO IMPLEMENT PUBLIC-PRIVATE
PARTNERSHIP CONTRACTS FOR HIGHWAY PROJECTS

Success Factors

1. Proper risk assessment and allocation to the private
2. Realistic assessment of the project estimates, risks, and
revenues by an independent consultant/advisor
3. Avoiding ambiguous language and interpretations
4. Providing strong political support
5. Public and private parties should work collaboratively

Main requirements
for evaluation
panel to assess
proposed potential
projects

1.
2.
3.
4.
5.
6.

DB experience
Financial and commercial advisors
Legal advisors
Technical advisors
Expertise in VfM
x analysis
Expertise in risk assessment

Common risks

1.
2.
3.
4.
5.

Demand, Revenue streams and Traffic Projections
Construction risk
Design risk
Regulatory risk
Environmental risk

Risks for
appropriate
incentives &
greater rewards to
the concessionaire

1.
2.
3.
4.
5.

Construction risk
Toll Revenues risk
Traffic demand risk
Environmental risk
ROW risk

Main requirements
for the involved
staff

1.
2.
3.
4.
5.

Technical expertise
Legal & commercial background
Financial background
Staff should be familiar with DB and have experience
Project Management
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Project Selection

Main required
characteristics for
project selection

1. Legal feasibility
2. Comparing pros and cons of PDMs (including but not
limited to VfM)
3. Large size ($) above $500M
4. High levels of risks
5. Insufficient public funds
6. Political support

A Framework to implement Public-Private Partnership
Contracts for Highway Projects

Amount of
investment for
each sector

TIFIA
Equity
PAB
Debt

1. Depending on how much public funding is
available
2. Depending on market readiness to accept the
financial risk
3. The maximum possible portion by private party
4. Depending on the stability of governmental policy
regarding P3 financial risk sharing

1.
2.
3.
4.
5.
6.
7.
8.
9.

Scope
Legal
Commercial
Payment mechanisms
Penalties/ fines
Monitoring
Dispute resolution mechanisms
Requirements relating to financial close
Financing issues
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Document Preparation

Main contract
clauses

1.
2.
3.
4.

Finance & Funding

Main resources for
a successful
delivery

Technical
Engineering
Legal
Oversight / overseeing the management
Commercial
Procurement

Project Selection

Main
specializations
required for P3

1.
2.
3.
4.
5.
6.

A Framework to implement Public-Private Partnership
Contracts for Highway Projects

Contract management
Economic Analysis
Monitoring and oversight of the private partner
Suggesting supportive/enabling legislation at the
state and federal levels
5. Standardizing PPP practices to avoid diversity and
ambiguity

Main factors in
developing legal
framework

1.
2.
3.
4.
5.
6.
7.
8.

Main issues in
payment
mechanisms

1. Based on availability (government payments)
2. Usage-based (government payments)
3. Risk allocation and how tariffs are allowed to
change, what and who can trigger a tariff revision
(user charges)
4. Approach to tariff setting & adjustment (user charges)

Revenues and
Incentives

Authority to enter P3 agreements
Types of P3 agreements allowed
Authority to approve/review P3 agreements
Types of permitted facilities
Types of permitted financing/subsidies
Criteria to evaluate potential P3 projects
Allocation of risks
Types of procurement allowed

If the revenues collected by the private party
exceed what is expected, there are mechanisms to
limit these profits, e.g. sharing surplus revenues.
Project incentives (rewards for superior
performance) are as necessary as disincentives in
PPP contracts.

Main types of
penalties

1. Payment reductions or retentions
2. Default points
3. Increased oversight

Main types of
insurance

1. Performance bonds
2. General liability and Construction Liability
3. Owner controlled insurances
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Document Preparation

Main roles that
federal
government and/or
states)

1.
2.
3.
4.

A Framework to implement Public-Private Partnership
Contracts for Highway Projects

1. Lump Sum
2. GMP
3. Unit price

Key issues in
conducting
procurement

1. Lack of expertise
2. Lack of experience of the proposer
3. Lack of supporting legislative environment in some
states
4. Lack of appropriate staff
5. Lack of support from government offices
6. Lack of political support
7. Lack of financial capability of the concessionaire
8. High transaction costs

Public agencies
need to ensure a
qualified, fair &
transparent
competition

1. A full disclosure of current and proposed contract
standards
2. A full disclosure of Toll policy
3. Understanding confidentiality
4. A full disclosure of any potential limitations in making
improvements
5. A full disclosure of using toll revenue for other
investments
6. Best value selection approach to assure quality

Main developer

1. Best value
2. Low bid

229

Procurement

Main dispute
resolution
measures

Document Preparation

Main dispute
resolution

1. Regular inspections by DOTs
2. Defining systems of problem identification &
resolution through negotiation
3. Establishing a permanent independent dispute
resolution office
4. Ensuring a standing Dispute Resolution Board during
the operations

A Framework to implement Public-Private Partnership
Contracts for Highway Projects

Key issues in PPP
contract
management

1. PPP feasibility analysis and project development
2.
long-term maintenance requirement drives the project
3. PPP monitoring and oversight
1. DOTs need to learn how to establish performance
standards rather than construction specifications
2. Understanding the minimum requirements of the
contract
3. Key personnel in the procurement should remain
involved through financial close & contract
management
4. DOTs are responsible for contract management and
oversight of the private partner

Public sector
performance
management
responsibilities

1.
2.
3.
4.

performance
monitoring
responsibilities

1. Setting performance standards
2. An oversight role & monitoring the performance of the
concessionaire
3. Conducting regular meetings
4. Reviewing plans, procedures, status reports

Concessionaire
performance
monitoring
responsibilities

Performance
monitoring
responsibilities of
third party

Monitoring performance
Defining performance measures & standards
Assessing performance payments & penalties
Designing & managing dispute resolution processes

1. Self-reporting violations
2. Developing management plans & procedures
3. Collecting monitoring data

1. Perform independent audits & inspections
2. Data collection
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Implementation

Main principles in
implementing PPP

A Framework to implement Public-Private Partnership
Contracts for Highway Projects

1. Conducting regular meetings
2. Daily communication & problem solving

Preferable O&M
period in the case
of DBFOM

1. 35-40 y
2. ~50 y
3. 30-35 y

Key factors in
project handover /
closeout phase

1. Maintenance and condition of each element of the
project during handover period
2. Rights and obligations of the department
3. No need for an immediate and extensive life-cycle
maintenance after handover
4. Rights and obligations of the developer

Figure 4.44 A Framework to implement Highway Public-Private Partnership Contracts for
Highway Projects
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Implementation

Performance
monitoring by
shared party

APPENDIX I: SUMMARY OF PPP

No.

P3-1
P3-2
P3-3
P3-4
P3-5
P3-6
P3-7
P3-8
P3-9
P3-10
P3-11
P3-12
P3-13
P3-14
P3-15
P3-16
P3-17
P3-18
P3-19
P3-20
P3-21
P3-22
P3-23

State

Anticipated
Project
Cost ($M)

Final
Project
Cost
($M)

Anticipated
Project
Duration
(Day)

Final
Project
Duratio
n (Day)

Cost
Growth
(%)

Schedule
Growth
(%)

Constr.
Intensity
($/Day)

DBFOM

VA

2000

1938

1305

1131.2

-3.10%

-3.85%

1.71

DBFOM

VA

350

338

652.5

522

0.00%

-20.05%

0.65

DBFOM

VA

2100

2089

1218.4

1087.6

-0.52%

-10.74%

1.92

DBFOM

VA

922.6

923

631

631

0.04%

0.00%

1.46

DBFOM

Cal

119

119

391.5

391.5

0.00%

0.00%

0.30

DBFOM

Cal

635

658

652.5

391.5

3.62%

40.00%

1.68

DBFOM

Cal

365

364.7

783

783

-0.08%

0.00%

0.47

DBFOM

TX

1350

1328

935.3

913.5

-1.63%

-2.33%

1.45

DBFOM

TX

2124

2122

1108.8

1305

-0.09%

-17.69%

1.63

DBFOM

TX

2700

2645

1153

1218

-2.04%

-5.64%

2.17

DBFOM

Fl

607

651

1370.4

1305

7.25%

4.77%

0.50

DBFOM

Fl

1250

1313

1242

1305

5.07%

5.07%

1.01

DBFOM

CD

180.5

180

232

218

0.00%

6.03%

0.83

DBFOM

NC

635.8

648.4

900

840

1.98%

-6.67%

0.77

DBFOM

Puerto
Rico

126.8

127

499

499

0.16%

0.00%

0.25

DBFOM

Al

50

50

240

240

0.00%

0

0.21

DBFM

Penn

899

889

915.6

981

-1.11%

7.14%

0.91

DBFOM

INKY

1319.2

1320

1044

1174

2.00%

12.45%

1.12

DBFOM

IN

369

556.2

522

1023

50.73%

95.98%

0.54

DBFM

IN

122.7

122

652

630

-0.57%

-3.37%

0.19

DBFM

Ny-NJ

1500

1436

1180

1170

-4.27%

-0.85%

1.23

DBF

GA

950

833.7

761.2

761.2

-12.24%

0.00%

1.10

DBFOM

SC

219

210

968.3

783

-4.11%

-19.14%

0.27

Contract
Type

232

DB-14

DB-13

DB-12

DB-11

DB-10

DB-9

DB-8

DB-7

DB-6

DB-5

DB-4

DB-3

DB-2

DB-1

No.
810
358.00
121.53
82.80

45.68
40.14
235.00
512.25
26.20
137.45

Cal
TX
FL
Fl
NV
CO
FL
CA
Fl
MD
NV
BC
FL
NC

$100 M

$100 M

$100 M

$50M P $100M

$100 M

$100 M

$25M P $50M

$100 M

$25M P $50M

$25M P $50M

$100 M

$100 M

$25M P $50M

$100 M

94.00

42.44

317.9

123.00

Anticipated
Project
Cost ($M)

State

Project Size ($M)

138.82

28.50

512.25

235.00

43.06

43.24

107.40

42.47

312.4

120.42

78.45

138.67

327.00

824.6

Actual /
Final Project
Cost ($M)

233

632

516

1169

753

625

1229

607

399

679

400

1810

555

1025

631

Anticipated
Project
Duration (Day)

APPENDIX J: SUMMARY OF DB

615

481

1169

753

628

1229

545

392

723

400

1471

582

810

591

Actual / Final
Project
Duration (Day)

1.0%

8.8%

0.0%

0.00%

7.3%

-5.35%

14.3%

0.1%

-1.73%

-2.10%

-5.24%

14.1%

-3.04%

1.8%

Cost
Growth
(%)

-2.69%

-6.78%

0.00%

0.00%

0.48%

0.00%

-10.21%

-1.75%

6.42%

0.00%

-18.73%

4.86%

-20.98%

-6%

Schedule
Growth
(%)

0.23

0.06

0.44

0.31

0.07

0.04

0.20

0.11

0.43

0.30

0.05

0.24

0.40

1.40

Construction
Intensity
($/Day)

DB-32

DB-31

DB-30

DB-29

DB-28

DB-27

DB-26

DB-25

DB-24

DB-23

DB-22

DB-21

DB-20

DB-19

DB-18

DB-17

DB-16

DB-15

83.60
513.99
347.86
40.14
50.74
66.97
59.73

1097.34
29.45
212.00

SC
BC
WA
MD
Cal
MD
OR
WA
OR
NY
Fl
Fl
SC
TX
Fl
AZ

$25M P $50M

$100 M

$50M P $100M

$100 M

$100 M

$25M P $50M

$50M P $100M

$50M P $100M

$50M P $100M

$25M P $50M

$50M P $100M

$25M P $50M

$50M P $100M

$100 M

$25M P $50M

$100 M

65.46

34.78

81.52

26.21

840.00

31.47

31.31

Fl

$25M P $50M

525.81

Cal

$100 M

212.00

29.45

1065.94

65.67

34.78

86.38

28.10

64.46

68.00

50.74

43.06

358.70

525.00

85.41

840.00

31.47

31.31

550

234

783

789

1734

745

771

1065

695

660

650

650

626

1052

950

662

1210

400

529

793

783

789

1702

963

771

1444

1015

660

640

650

914

1121

950

319

1146

400

529

800

0.00%

0.0%

-2.86%

0.3%

0.0%

6.0%

7.2%

7.9%

1.5%

0.0%

7.3%

3.1%

2.1%

2.2%

0.0%

0.0%

0.0%

4.6%

0.00%

0.00%

-1.85%

29.26%

0.00%

35.59%

46.04%

0.00%

-1.54%

0.00%

46.01%

6.56%

0.00%

-51.81%

-5.29%

0.00%

0.00%

0.88%

0.27

0.04

0.63

0.07

0.05

0.06

0.03

0.10

0.11

0.08

0.05

0.32

0.55

0.27

0.73

0.08

0.06

0.69

DB-50

DB-49

DB-48

DB-47

DB-46

DB-45

DB-44

DB-43

DB-42

DB-41

DB-40

DB-39

DB-38

DB-37

DB-36

DB-35

DB-34

DB-33

81.40
182.89
242.34
26.19
63.12
150.00

39.92
900.00
759.01
447.60

NC
Fl
Fl
UT
NV
Fl
OR
TX
VA
Fl
VA
TX
Fl
NV
TX
TX

$50M P $100M

$25M P $50M

$50M P $100M

$100 M

$100 M

$25M P $50M

$50M P $100M

$100 M

$100 M

$25M P $50M

$25M P $50M

$100 M

$25M P $50M

$100 M

$100 M

$100 M

742.08

48.56

31.36

300

39.53

59.40

67.30

Fl

$50M P $100M

35.30

MN

$25M P $50M

400.60

692.81

960.00

38.40

725.38

49.93

28.12

311.4

148.00

64.46

26.92

251.84

238.44

79.12

39.65

59.40

68.48

36.10

235

870.2

1540

653

1472

1530

1229

1004

804.8

754

770

665

772

715

1074

949

628

1598

308

848.2

1260

652.5

1547

1477.5

1165

1103

814.8

540

770

665

605

640

1074

949

556

1598

308

-10.50%

-8.72%

6.67%

-3.80%

-2.25%

2.82%

-10.31%

3.80%

-1.33%

2.1%

2.8%

3.9%

30.4%

-2.8%

0.3%

0.0%

1.7%

2.3%

-2.53%

-18.18%

0.00%

5.10%

-3.43%

-5.21%

9.86%

1.24%

-28.38%

0.00%

0.00%

-21.63%

-41.01%

0.00%

0.00%

-11.46%

0.00%

0.00%

0.47

0.55

1.47

0.02

0.49

0.04

0.03

0.38

0.27

0.08

0.04

0.42

0.37

0.07

0.04

0.11

0.04

0.12

DB-68

DB-67

DB-66

DB-65

DB-64

DB-63

DB-62

DB-61

DB-60

DB-59

DB-58

DB-57

DB-56

DB-55

DB-54

DB-53

DB-52

DB-51

192.00
802.98
117.00
700.00
56.23
93.96

165.62
85.30
79.12
72.89

Fl
UT
NC
TX
AZ
Cal
Fl
TX
MN
Fl
Fl
MO
Fl
Cal
VA
Fl

$25M P $50M

$100 M

$100 M

$100 M

$100 M

$100 M

$50M P $100M

$100 M

$100 M

$25M P $50M

$50M P $100M

$25M P $50M

$100 M

$50M P $100M

$50M P $100M

$50M P $100M

41.03

75.84

30.88

234.00

136.65

31.91

28.69

Fl

$25M P $50M

77.00

TX

$50M P $100M

73.20

77.40

67.25

164.44

44.23

78.32

28.27

234.00

88.46

59.39

550.00

102.00

775.98

199.00

149.43

29.94

29.41

78.84

236

1018

1254

1068

2447

885

1019

1243

582

893

1043

1566

522

1945

1241

448

1090

484

1092

1018

1272

1998

2445

676

1019

1197

515

644

726

783

196.2

1885

1079

716

1090

340

1092

0.43%

-2.17%

-21.16%

-0.71%

7.80%

3.28%

-8.45%

0.0%

-5.85%

5.61%

-21.43%

-12.82%

-3.36%

3.6%

9.4%

-6.16%

2.49%

2.39%

0.00%

1.44%

87.08%

-0.08%

-23.62%

0.00%

-3.70%

-11.51%

-27.88%

-30.39%

-50.00%

-62.41%

-3.08%

-13.05%

59.82%

0.00%

-29.75%

0.00%

0.07

0.06

0.03

0.07

0.07

0.08

0.02

0.45

0.14

0.08

0.70

0.52

0.41

0.18

0.21

0.03

0.09

0.07

DB-86

DB-85

DB-84

DB-83

DB-82

DB-81

DB-80

DB-79

DB-78

DB-77

DB-76

DB-75

DB-74

DB-73

DB-72

DB-71

DB-70

DB-69

42.67
52.27
47.51
155.00
35.84
51.91

67.22
29.50
33.83
162.46

PA
Fl
OR
GA
Fl
NV
Fl
TX
TX
Fl
Fl
Fl
Cal
MD
Fl
Fl

$50M P $100M

$25M P $50M

$25M P $50M

$50M P $100M

$25M P $50M

$100 M

$25M P $50M

$50M P $100M

$50M P $100M

$50M P $100M

$100 M

$50M P $100M

$50M P $100M

$25M P $50M

$25M P $50M

$100 M

88.55

236.00

78.09

69.28

47.64

76.88

969.78

TX

$100 M

49.87

Fl

$25M P $50M

166.55

31.33

30.90

64.79

84.86

232.01

76.88

66.16

48.20

36.83

155.00

47.84

50.96

44.15

48.71

59.55

970.00

51.28

237

1506

1575

870.2

1294

1907

1590

1611

1773

1777

1304

690

1574

1299

484

1987

1074

845

1156

1365

1811

783

1372

1548

1590

1541

1782

1831

1304

690

1539

1299

484

1964

2245

845

1156

2.52%

-7.39%

4.75%

-3.62%

-4.17%

-1.69%

-1.55%

-4.51%

-7.14%

2.76%

0.00%

0.69%

-2.49%

3.5%

2.26%

-22.53%

0.00%

2.84%

-9.36%

14.98%

10.02%

6.03%

-18.83%

0.00%

-4.35%

0.51%

3.04%

0.00%

0.00%

-2.22%

0.00%

0.00%

-1.16%

109.03%

0.00%

0.00%

0.12

0.02

0.04

0.05

0.05

0.15

0.05

0.04

0.03

0.03

0.22

0.03

0.04

0.09

0.02

0.03

1.15

0.04

DB-104

DB-103

DB-102

DB-101

DB-100

DB-99

DB-98

DB-97

DB-96

DB-95

DB-94

DB-93

DB-92

DB-91

DB-90

DB-89

DB-88

DB-87

73.94
184.17
34.16
27.78
115.00
37.92

26.43
166.00
37.87
59.06

NV
Fl
CO
WA
Fl
Fl
NV
Fl
VA
Cal
Fl
CO
Fl
NV
Fl
Fl

$100 M

$25M P $50M

$50M P $100M

$100 M

$25M P $50M

$25M P $50M

$100 M

$25M P $50M

$50M P $100M

$50M P $100M

$25M P $50M

$50M P $100M

$25M P $50M

$100 M

$25M P $50M

$50M P $100M

85.28

40.10

90.42

52.10

28.78

195.00

30.07

Fl

$25M P $50M

44.34

VA

$25M P $50M

59.43

38.51

160.00

27.45

83.67

41.66

79.61

52.00

38.68

115.00

28.13

36.76

220.92

69.04

30.10

198.00

25.00

48.44

238

1375

1032

350

1076

1568

1476

1291

1000.4

1440

360

930

599

813

1678

1190

609.2

1413

956

1363

853

350

1075

1568

1371

1849

997

1215

360

921

551

813

1678

1005

652.5

1532

687

0.63%

1.68%

-3.61%

3.85%

-1.89%

3.88%

-11.96%

-0.19%

1.99%

0.00%

1.27%

7.62%

20.0%

-6.62%

4.61%

1.54%

-16.87%

9.24%

-0.87%

-17.34%

0.00%

-0.09%

0.00%

-7.11%

43.22%

-0.30%

-15.63%

0.00%

-0.97%

-8.01%

0.00%

0.00%

-15.55%

7.11%

8.42%

-28.14%

0.04

0.05

0.46

0.03

0.05

0.03

0.04

0.05

0.03

0.32

0.03

0.07

0.27

0.04

0.03

0.30

0.02

0.07

DB-122

DB-121

DB-120

DB-119

DB-118

DB-117

DB-116

DB-115

DB-114

DB-113

DB-112

DB-111

DB-110

DB-109

DB-108

DB-107

DB-106

DB-105

94.98
27.25
73.74
97.00
250.00
121.53

33.20
153.81
582.00
1004.07

Fl
CO
Cal
Fl
Fl
VA
UT
Fl
OR
AZ
TX
TX
Fl
Fl
NV
TX

$25M P $50M

$50M P $100M

$50M P $100M

$25M P $50M

$50M P $100M

$50M P $100M

$100 M

$100 M

$50M P $100M

$100 M

$50M P $100M

$100 M

$25M P $50M

$100 M

$100 M

$100 M

108.65

80.96

200.00

50.67

59.86

38.26

200.00

NV

$100 M

46.30

VA

$25M P $50M

928.67

581.00

154.69

34.64

108.33

82.86

190.00

50.01

132.44

180.00

98.26

73.30

27.85

96.93

59.64

38.24

200.00

49.60

239

1460

916

1025

964

2546

910

766.4

652.5

748

1293.9

1399

1607

711

1320

1842

477

1305

1000.6

1269

914

1007

812

2546

920

592

652.5

947

773.9

1399

1607

711

1320

1829

414

1305

978.6

-7.51%

-0.17%

0.57%

4.31%

-0.29%

2.35%

-5.00%

-1.30%

9.0%

-28.00%

1.30%

-0.59%

2.23%

2.06%

-0.37%

-0.05%

0.00%

7.13%

-13.08%

-0.22%

-1.76%

-15.77%

0.00%

1.10%

-22.76%

0.00%

26.60%

-40.19%

0.00%

0.00%

0.00%

0.00%

-0.71%

-13.21%

0.00%

-2.20%

0.73

0.64

0.15

0.04

0.04

0.09

0.32

0.08

0.14

0.23

0.07

0.05

0.04

0.07

0.03

0.09

0.15

0.05

APPENDIX K: A SAMPLE OF PROCESS - DELPHI PHASE
Considering one of the presented scenarios, survey with all respondents from all those
state DOTs with complete P3 highway projects, the calculation of the agreement test, Intraclass
Correlation Coefficient (ICC), for Question 1 on SPSS is as follows:
I)

ICC - SPSS
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There are three choices for the model. This model tries to count for where we think any
air or random effects might be coming from. The One-Way Random assumes that the only
random effect could be coming from either the rater or the subjects and not both. In Two-Way
Random, the subjects as well as the raters are being chosen randomly therefore, random could be
coming from either of two sources. When raters are fixed and predictable and the subject may be
random. Since in this research the raters were chosen and fixed the model used for ICC is TwoWay Mixed.
There are two types of analysis. Consistency establishes a correlation between values
very similar to Pearson correlation and whether they are linear in their relationship to one
another, but it does not indicate how consistent they are relative to one another as far as
agreement in the measurement. For instance, there might be a data that two measures are linearly
related but with a consistent difference in the actual measurement from person to person, that
means they are not agreeing or consistent in their measurement. Ther
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that means no
two raters be off by considerable degree consistently.

Reliability Statistics

Cronbach's
Alpha

Cronbach's
Alpha Based
on
Standardized
Items

.854

.852
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N of
Items
20

Intraclass Correlation Coefficient
95% Confidence Interval
Intraclass
Correlationb
Single
Measures
Average
Measures

Lower
Bound

Upper
Bound

F Test with True Value 0
Value

df1

df2

Sig

.254a

.110

.563

6.845

9

162

.000

.866c

.701

.961

6.845

9

162

.000

Two-way mixed effects model where people effects are random and measures effects are
fixed.
a. The estimator is the same, whether the interaction effect is present or not.
b. Type A intraclass correlation coefficients using an absolute agreement definition.
c. This estimate is computed assuming the interaction effect is absent, because it is not
estimable otherwise.

244

II)

Ranking - Excel
By obtaining an acceptable degree of consensus, responses can be ranked. Considering

one of the presented scenarios, survey with all 19 respondents from all those state DOTs with
complete P3 highway projects, the calculation of rankings, for Question 1 on Excel file is as
follows:
Responses (a portion of 19 responses has been show below):

Transpose
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=COUNTIF(B$24:B$43,$A46)

Transpose

Total Score =B59*10+C59*9+D59*8+E59*7+F59*6+G59*5+H59*4+I59*3+J59*2+K59*1
Rank =RANK(B72,$B$72:$B$81)
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APPENDIX L: NORMALITY TEST
(A SAMPLE OF THE PROCESS AND ALL RESULTS)
1) A Sample of the Process
For a parametric test, the data need to pass the normality test. Otherwise, a nonparametric test is replaced. As an example, the normality test of the Main Scenario (22 P3 and
122 DB) regarding the Cost Growth are presented below.

uld be

approximately normally distributed for both P3 and DB samples. SPSS is used to verify this
assumption through investigating numerical and visual outputs, including, Skewness and
Kurtosis z-values (between -1.96 and 1.96), The Shapiro-Wilk test p-value (above 0.05), and the
Histograms, Normal Q-Q plots and Box plots (a visual output presenting that the data are
approximately normally distributed). The data do not need to be perfectly normally distributed,
which is not found in real-world problems. The primary goal is to find an approximately
normally distribution in each category of the independent variable, which in this study means
checking both P3 and DB data with respect to the performance metric, here cost growth.
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The Skewness and Kurtosis measures should be as close to zero as possible in SPSS;
however, in reality data are often skewed and Kurtotic. As long as the measures are not highly
larger than their standard errors, there is no problem with a small departure from zero. Dividing
the measure by its standard error gives the z-value that should be between -1.96 and +1.96.
P3 Skewness: Z = Statitic/Std. Error = -1.034/0.491 = -2.1
P3 Kurosis: Z = Statitic/Std. Error = 4.254/0.953 = 4.46
DB Skewness: Z = Statitic/Std. Error = -0.404 /0.219 = -1.84
DB Kurosis: Z = Statitic/Std. Error = 4.738/0.435 = 10.9
None of the Z-values is within the range

Tests of Normality
Kolmogorov-Smirnova
ProjectType

Statistic

df

Shapiro-Wilk

Sig.

Statistic

df

Sig.

CostGrowth P3

.210

22

.013

.876

22

.010

DB

.142

122

.000

.891

122

.000

a. Lilliefors Significance Correction

Regarding Shapiro-Wilk, the null hypothesis for this test of normality, is that the data are
normally distributed, and it is rejected if the p-value is below 0.05. In SPSS, the p-value is
-values are below 0.05. Thus, in terms of the Shapiro-Wilk test,
it could be assumed that the data are not normally distributed.
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Now, the graphical figures for both P3 and DB data are considered. First, the histograms
for both samples need to be inspected visually. The histograms should have the approximate
shape of a normal curve.

Then, the Normal Q-Q Plot is checked. The dots should lie along the normal lines to
indicate that the data are approximately normally distributed.
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And finally, the box plots are inspected. They should not be perfectly, but approximately
symmetrical as much as possible.

Since both distributions are not normal, T-test as a parametric method such as cannot be
used to explore and investigate the data. Instead, Mann-Whitney U test as a non-parametric
method is required.
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2) Normality Tests Results
For all cases normality test was explored and investigated according to Skewness and
Kurtosis measures (z-value that between -1.96 and +1.96), Shapiro-Wilk (p-value below 0.05),
and graphical figures, including the histograms and a normal curve, the Normal Q-Q Plot and
dots along the normal line, and finally symmetrical box plots.
1. All Collected Projects
Cost Growth
22 P3

122 DB
with explanations.

Schedule Growth
22 P3

122 DB
Not both P3 and DB data present an approximately normally distribution.
Descriptives
ProjectType

ScheduleGrowth P3

Statistic

Mean

-.6750

95% Confidence
Interval for Mean

Lower Bound

-6.1361

Upper Bound

4.7862

5% Trimmed Mean
Median

-1.7240
.0000

Variance

151.714

Std. Deviation

12.31723

Minimum

-20.05

Maximum

40.00

Range

60.05
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Std. Error
2.62604

DB

Interquartile Range

10.74

Skewness

1.424

.491

Kurtosis

5.135

.953

-1.5087

1.91910

Mean
95% Confidence
Interval for Mean

Lower Bound

-5.3081

Upper Bound

2.2906

5% Trimmed Mean

-2.7326

Median

.0000

Variance

449.320

Std. Deviation

21.19717

Minimum

-62.41

Maximum

109.03

Range

171.45

Interquartile Range

6.87

Skewness

1.705

.219

Kurtosis

8.852

.435

Tests of Normality
ProjectTyp
e
ScheduleGro
wth

Kolmogorov-Smirnova
Statistic

df

Sig.

Shapiro-Wilk
Statistic

df

Sig.

P3

.205

22

.016

.849

22

.003

DB

.281

122

.000

.752

122

.000

a. Lilliefors Significance Correction
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Construction Intensity
22 P3

122 DB
Not both P3 and DB data present an approximately normally distribution.

Descriptives
ProjectType
ConstructionIntensity P3

Statistic

Mean

.9439

95% Confidence
Interval for Mean

Lower Bound

.6618

Upper Bound

1.2260

5% Trimmed Mean

.9284

Median

.8660

Variance

.13567

.405

Std. Deviation

.63634

Minimum

.00

Maximum

2.17

Range

2.17

Interquartile Range

1.21

Skewness

.317

.491

-1.082

.953

.1959

.02343

Kurtosis
DB

Std. Error

Mean
95% Confidence
Interval for Mean

Lower Bound

.1495

Upper Bound

.2423

5% Trimmed Mean

.1595

Median

.0752

Variance

.067

Std. Deviation

.25881

Minimum

.02

Maximum

1.47

Range

1.45

Interquartile Range

256

.23

Skewness

2.634

.219

Kurtosis

8.568

.435

Tests of Normality
ProjectTyp
e
ConstructionInt P3
ensity
DB

Kolmogorov-Smirnova
Statistic

df

Sig.

Shapiro-Wilk
Statistic

df

Sig.

.121

22

.200*

.947

22

.269

.247

122

.000

.670

122

.000

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction
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2. Projects with the Smallest P3 as the Size Limit
Cost Growth
22 P3

82 DB
Not both P3 and DB data present an approximately normally distribution.
Descriptives
ProjectType

ConstructionIntensity P3

Statistic

Mean

-.4383

95% Confidence
Interval for Mean

-2.1095
1.2329

5% Trimmed Mean

-.2388

Median

-.0411

Variance

14.207

Std. Deviation

3.76925

Minimum

-12.24

Maximum

7.25
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Std. Error
.80361

Range

19.49

Interquartile Range

2.35

Skewness
Kurtosis
DB

Mean
95% Confidence
Interval for Mean

-1.034

.491

4.254

.953

-.6233

.88791

-2.3899
1.1434

5% Trimmed Mean

-.4922

Median

.0000

Variance

64.647

Std. Deviation

8.04033

Minimum

-28.00

Maximum

30.38

Range

58.38

Interquartile Range

5.06

Skewness

-.139

.266

Kurtosis

4.678

.526

Tests of Normality
Kolmogorov-Smirnova
ProjectType
CostGrowt
h

Statistic

df

Sig.

Shapiro-Wilk
Statistic

df

Sig.

P3

.210

22

.013

.876

22

.010

DB

.160

82

.000

.867

82

.000

a. Lilliefors Significance Correction
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Schedule Growth
22 P3

82 DB
Not both P3 and DB data present an approximately normally distribution.
Descriptives
ProjectType

ScheduleGrowth P3

Statistic

Mean

-.6750

95% Confidence
Interval for Mean

Lower Bound

-6.1361

Upper Bound

4.7862

5% Trimmed Mean

2.62604

-1.7240

Median

.0000

Variance

151.714

Std. Deviation

DB

Std. Error

12.31723

Minimum

-20.05

Maximum

40.00

Range

60.05

Interquartile Range

10.74

Skewness

1.424

.491

Kurtosis

5.135

.953

-1.5459

2.63259

Mean
95% Confidence
Interval for Mean
5% Trimmed Mean
Median

Lower Bound

-6.7840

Upper Bound

3.6921
-2.9841
.0000

Variance

568.302

Std. Deviation

23.83908

Minimum

-62.41

Maximum

109.03

Range

171.45

Interquartile Range

6.84

Skewness

1.664

.266

Kurtosis

7.821

.526
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Tests of Normality
ProjectTyp
e

Kolmogorov-Smirnova
Statistic

ScheduleGrowt P3
h
DB

df

Sig.

Shapiro-Wilk
Statistic

df

Sig.

.205

22

.016

.849

22

.003

.292

82

.000

.743

82

.000

a. Lilliefors Significance Correction
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Construction Intensity
22 P3

82 DB
Not both P3 and DB data present an approximately normally distribution.
Descriptives
ProjectType

ConstructionIntensity P3

Statistic

Mean

.9439

95% Confidence
Interval for Mean

.6618

Upper Bound

1.2260

5% Trimmed Mean

.9284

Median

.8660

Variance

.13567

.405

Std. Deviation

.63634

Minimum

.00

Maximum

2.17

Range

2.17

Interquartile Range

1.21

Skewness

.317

.491

-1.082

.953

.2682

.03194

Kurtosis
DB

Lower Bound

Std. Error

Mean
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95% Confidence
Interval for Mean

Lower Bound

.2046

Upper Bound

.3317

5% Trimmed Mean

.2310

Median

.1534

Variance

.084

Std. Deviation

.28919

Minimum

.03

Maximum

1.47

Range

1.44

Interquartile Range

.34

Skewness

2.132

.266

Kurtosis

5.631

.526

Tests of Normality
ProjectTyp
e
ConstructionInt P3
ensity
DB

Kolmogorov-Smirnova
Statistic

df

Sig.

Shapiro-Wilk
Statistic

df

Sig.

.121

22

.200*

.947

22

.269

.201

82

.000

.762

82

.000

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction
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3. The Oldest DB Projects
Cost Growth
22 P3

25 DB
Not both P3 and DB data present an approximately normally distribution.
Descriptives
ProjectType
CostGrowth P3

Statistic

Mean

-.4382

95% Confidence

Lower Bound

265

-2.1093

Std. Error
.80355

Interval for Mean

Upper Bound

5% Trimmed Mean

-.2389

Median

-.0400

Variance

14.205

Std. Deviation

3.76897

Minimum

-12.24

Maximum

7.25

Range

19.49

Interquartile Range

2.35

Skewness
Kurtosis
DB

1.2329

Mean
95% Confidence
Interval for Mean

-1.034

.491

4.252

.953

2.8448

1.92070

Lower Bound

-1.1193

Upper Bound

6.8089

5% Trimmed Mean

2.6839

Median

.0000

Variance

92.227

Std. Deviation

9.60351

Minimum

-21.43

Maximum

30.38

Range

51.81

Interquartile Range

6.02

Skewness

.471

.464

3.434

.902

Kurtosis
Tests of Normality
Kolmogorov-Smirnova
ProjectType

Statistic

df

Shapiro-Wilk

Sig.

Statistic

df

Sig.

CostGrowth P3

.210

22

.013

.876

22

.010

DB

.223

25

.002

.859

25

.003

a. Lilliefors Significance Correction
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Schedule Growth
22 P3

25 DB
Not both P3 and DB data present an approximately normally distribution.
Descriptives
ProjectType

ScheduleGrowth P3

Statistic

Mean

-.6759

95% Confidence
Interval for Mean

Lower Bound

-6.1371

Upper Bound

4.7853

5% Trimmed Mean

2.62605

-1.7248

Median

.0000

Variance

151.715

Std. Deviation

DB

Std. Error

12.31725

Minimum

-20.05

Maximum

40.00

Range

60.05

Interquartile Range

10.74

Skewness

1.424

.491

Kurtosis

5.136

.953

-7.0136

4.12824

Mean
95% Confidence
Interval for Mean
5% Trimmed Mean
Median

Lower Bound

-15.5339

Upper Bound

1.5067
-6.6198
.0000

Variance

426.060

Std. Deviation

20.64122

Minimum

-62.41

Maximum

46.01

Range

108.42

Interquartile Range

11.49

Skewness

-.678

.464

Kurtosis

3.151

.902
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Tests of Normality
ProjectTyp
e
ScheduleGrow P3
th
DB

Kolmogorov-Smirnova
Statistic

df

Sig.

Shapiro-Wilk
Statistic

df

Sig.

.205

22

.016

.849

22

.003

.225

25

.002

.819

25

.000

a. Lilliefors Significance Correction
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Construction Intensity
22 P3

25 DB
Descriptives
ProjectType

ConstructionIntensity P3

Statistic

Mean

.9440

95% Confidence
Interval for Mean

.6619
.9285

Median

.8660
.405

Std. Deviation

.63634

Minimum

.00

Maximum

2.17

Range

2.17

Interquartile Range

1.21

Skewness

.318

.491

-1.081

.953

.3145

.06037

Kurtosis
DB

.13567

1.2261

5% Trimmed Mean
Variance

Std. Error

Mean
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95% Confidence
Interval for Mean

.1899

5% Trimmed Mean

.2768

Median

.2700

.4391

Variance

.091

Std. Deviation

.30184

Minimum

.04

Maximum

1.40

Range

1.36

Interquartile Range

.36

Skewness

2.107

.464

Kurtosis

6.120

.902

Tests of Normality
Kolmogorov-Smirnova
ProjectType

Statistic

df

Sig.

Shapiro-Wilk
Statistic

df

Sig.

ConstructionIntensity P3

.121

22

.200*

.947

22

.269

DB

.182

25

.033

.791

25

.000

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction
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APPENDIX M: EQUALITY OF VEARIANCE TEST
(A SAMPLE OF PROCESS AND ALL RESULTS)
1) A Sample of the Process
In the case of non-normally distributed data (non-parametric data), since in SPSS it is not
-normally distributed data in one step, three new
variables need to be defined as (a) ranked data, (b) group mean ranks, and (c) deviations from
mean ranks.
First, ranked data variable:
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SPSS automatically creates a new variable, RCostGro, where the letter R stands for
ranked. Each cost growth is given an individual rank, based on their amount.
Second, group mean ranks: Base on these individual rankings mean ranks for each group
can be determined.
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SPSS automatically creates another variable, RCostGro_mean. In this column each cost
growth is given a value based on this group, therefore all members of the same group have the
same value as Group Mean Ranks.
Third, deviations from mean ranks:
The last

For each cost growth, the individual rank value is subtracted from its group mean rank. The

-
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(Absolute Value) is double clicked.

277

Now ANOVA test can be conducted on these individual differences.
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The null hypothesis is that there is an equality of variance. Again, if the p-value is above
0.05, the null hypothesis is not rejected, and equality of variance could be assumed. However, if
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the p-value is below 0.05, the null hypothesis is rejected, and it is assumed that differences in
variance between groups are statistically significant.
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2) Equality of Variance Results
For all cases equality of variance was explored and investigated through creating all the
above-mentioned new variables:
1. All Collected Projects (22 P3

122 DB)

Cost Growth
The p-value is above 0.05, the null hypothesis is not rejected, and equality of variance
could be assumed.
ANOVA
ind_diff
Sum of
Squares
Between
Groups
Within Groups
Total

df

Mean Square

21303.313

110

193.666

16546.650
37849.963

33
143

501.414

F
.386

Sig.
1.000

Schedule Growth
The p-value is above 0.05, the null hypothesis is not rejected, and equality of variance
could be assumed.
ANOVA
ind_diff
Sum of
Squares
Between
Groups
Within Groups
Total

df

Mean Square

13.337

1

13.337

57309.632
57322.969

142
143

403.589

281

F
.033

Sig.
.856

Construction Intensity
The p-value is below 0.05, the null hypothesis is rejected, and variances are unequal.
ANOVA
ind_diff
Sum of
Squares
Between
Groups
Within Groups
Total

df

Mean Square

1906.452

1

1906.452

56599.852
58506.304

142
143

398.591

2. Projects with the Smallest P3 as the Size Limit (22 P3

F
4.783

Sig.
.030

82 DB)

Cost Growth
The p-value is below 0.05, the null hypothesis is rejected, and variances are unequal.
ANOVA
ind_diff
Sum of
Squares
Between
Groups
Within Groups
Total

df

Mean Square

973.169

1

973.169

22674.785
23647.954

102
103

222.302

F
4.378

Sig.
.039

Schedule Growth
The p-value is above 0.05, the null hypothesis is not rejected, and equality of variance
could be assumed.
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ANOVA
ind_diff
Sum of
Squares
Between
Groups
Within Groups
Total

df

Mean Square

6.564

1

6.564

22197.708
22204.272

102
103

217.625

F
.030

Sig.
.862

Construction Intensity
The p-value is above 0.05, the null hypothesis is not rejected, and equality of variance
could be assumed.
ANOVA
ind_diff
Sum of
Squares
Between
Groups
Within Groups
Total

df

Mean Square

193.164

1

193.164

19798.287
19991.451

102
103

194.101

3. The Oldest DB Projects (22 P3

F
.995

Sig.
.321

25 DB)

Cost Growth
The p-value is above 0.05, the null hypothesis is not rejected, and equality of variance
could be assumed.
ANOVA
ind_diff
Sum of
Squares

df

283

Mean Square

F

Sig.

Between
Groups
Within Groups
Total

24.803

1

24.803

1831.437
1856.240

45
46

40.699

.609

.439

Schedule Growth
The p-value is above 0.05, the null hypothesis is not rejected, and equality of variance
could be assumed.
ANOVA
ind_diff
Sum of
Squares
Between
Groups
Within Groups
Total

df

Mean Square

17.062

1

17.062

1878.112
1895.174

45
46

41.736

F
.409

Sig.
.526

Construction Intensity
The p-value is above 0.05, the null hypothesis is not rejected, and equality of variance
could be assumed.
ANOVA
ind_diff
Sum of
Squares
Between
Groups
Within Groups
Total

df

Mean Square

24.319

1

24.319

1717.572
1741.891

45
46

38.168

284

F
.637

Sig.
.429

APPENDIX N: A SAMPLED OF THE PROCESS

PROJECT

PERFORMANCE PHASE (COMPARISON TESTS)
1. Non-Normal Distribution

Equal Variance (MWU-Test)

The sample of 22 P3 and 46 DB highway projects with respect to cost growth is
presented:
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The means seem to be different:
Ranks
ProjectType
CostGrowth

N

Mean Rank

Sum of
Ranks

P3

22

34.80

765.50

DB

46

34.36

1580.50

Total

68
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The question is whether that numerical difference statistically significant or not:
Test Statisticsa
CostGrowth
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

499.500
1580.500
-.085
.932

a. Grouping Variable: ProjectType

Since the P-value is 0.932, not less than 0.05, the null hypothesis (equal mean ranks) has
not been rejected. Thus, it could be asserted that there is no significant difference between P3
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2. Non-Normal Distribution - Unequal Variance
This test was required to for the samples that had unequal variances, which were 3 among
all 9 comparisons for the 3 scenarios according to 3 performance metrics).
After investigating equality of variance, which was presented in the previous Appendix,
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